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PREFACE 
The purpose of this manual is to present what is currently believed to be the acceptable 
practices in the design, construction and maintenance of soil-aggregate roads . It is prepared with 
the hope that this information will be of assistance to those who do not have extensive knowledge 
of and experience in this type of construction. For this reason the discussion is rather detailed 
and somewhat elementary in nature, containing the nature of the work to be performed, the materials 
to be used, the objectives to be attained and the basic principles involved. It does not import to 
be a scholarly treatise for the specialized expert. It may serve, nevertheless, to bring to engi-
neers the benefits of the experience of other engineers. 
The material for the manual has been taken primarily from two sources, namely: (1) available 
literature on the subject of soil-aggregate road design, construction and maintenance and (2) 
first-hand information supplied by Illinois county highway agencies actively engaged in this type 
of construction. In order to gather all the necessary information from counties regarding their 
current practices, a comprehensive questionnaire was sent to all 102 county superintendents of 
highways in Illinois . Forty counties replied to the questionnaire in detail, and to those counties 
we extend our fullest thanks and appreciation. It may be noted that, in general, the practices 
presented in the manual represent much of the current thinking of those agencies canvassed. It 
should be realized, however, that this manual represents the digested findings of both the fact-
finding survey and the library research and is not based solely on the practices of the canvassed 
highway agencies. 
To make the manual reasonably self-contained, there are included in appendices basic informa-
tion regarding the geometric design of soil-aggregate roads, and detailed procedures of testing 
soil-aggregate materials in accordance with the latest available AASHO methods. Also included is 
a glossary of terms used but not defined elsewhere in the manual. 
In conclusion, attention is again directed to the fact that the Manual of Current Practice 
describes only what are considered to be acceptable practices and methods presently used in soil-
aggregate roads design, construction and maintenance. As our investigation progresses, the 
acceptability or desirability of these practices contained in this manual may be revised. It is 
contemplated, therefore, that a Manual of Recommended Practice for the Design, Construction and 
Maintenance of Soil-Aggregate Roads, employing the knowledge gained throughout the several years 
of soil-aggregate road investigation, will be prepared in the future as one of the final reports 
of the project. The Manual of Recommended Practice will suggest methods and procedures which are 
verified by the findings of our investigation to be the best for the design, construction and 
maintenance of soil-aggregate roads. 
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I. INTRODUCTION 
1 . 1 Soil-!ggregate Mixtures 
The term "soil-aggregate" is defined by the American Association of State Highway Officials 
as "natural or prepared aixtures consisting predominantly of stone, gravel or sand and containing 
silt-clay". 1 
More specifically, a soil-aggregate mixture is composed of an aggregate and a fine soil 
fraction (Fig. 1.1). The aggregate is that portion of the mixture retained on a No. 200 U.S. 
standard sieve 2 and is also called the granular fraction of the soil-aggregate mixture. The fine 
soil fraction is that portion of the mixture which passes the No. 200 sieve. It may be further 
divided into silt and clay fractions. The silt fraction is that fine soil material which passes 
the No . 200 sieve and is larger than 0.005 millimeters (0 . 0002 inch). The clay fraction is that 
fine soil material which passes the No. 200 sieve but is smaller than 0.005 millimeter. 
In a well prepared or well designed soil-aggregate mixture, the granular fraction is asswned 
to furnish strength and hardness and to function much the same as an aggregate in a portland 
cement concrete mixture. The silt functions as a filler to help seat the granular particles and 
the clay acts as a cementing agent to bind the mixture into a strong and solid mass. 
SOIL - AGGREGATE MIXTURE 
I I 
GRANULAR FRACTION - AGGREGATE 
(MATERIAL RETAINED ON A NO. 200 SIEVE) 
FINE SOIL FRACTION 
• 
(MATERIAL ~SING A NO. 200 SIEVE) 
I 
SILT 
(PARTICLE SIZE COARSER) 
THAN Q.005mm. 
I 
I 
CLAY 
(PARTICLE SIZE FINER) 
THAN 0.005mm. 
Fig. 1.1 Constituents of A Soil-Aggregate Mixture 
1.2 Soil-Aggregate Roads Defined 
Soil-aggregate roads are those roads that have been made useable under all weather conditions 
by means of a soil-aggregate mixture . In other words, they are those road surfaces or bases which 
are made of any combination of gravel, crushed stone, sand, and containing silt-clay or similar 
binder material . 
Since a stabilization process such as proper material proportioning or blending is generally 
employed in this type of road construction, a soil-aggregate road is sometimes called a granular 
stabilized3 or mechanically stabilized road.4 It is also sometimes termed a gravel road, a crushed 
1 American Association of State Highway Officials, Standard Specifications for Highway 
Materials and Methods of Sampling and Testing, Part I (Washington: American Association of State 
Highway Officials, 1955), p.44. 
2 The opening of a No. 200 U. S. standard sieve is 0.074 millimeter or 0.0029 inch. 
_
3 Highway Research Board, Granular Stabilized Roads, Wartime Road Problems No. 5 
(Washington: Highway Research Board, 1946) p. 4. 
4 Mechanical Stabilization is an accepted term for soil stabilization by means of 
admixture of another soil or aggregate material. This term should not be misunderstood or 
misused to describe stabilization by compaction. 
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rock road or a sand-clay road, depending upon the principal materials used. In the north-east and 
middle-east regions of the country, deposits of gravel occur so generally throughout the area that 
this material is the one most widely used in the construction of soil-aggregate roads. In these 
areas soil-aggregate roads are often referred to as gravel roads even though some of them have 
been developed under various methods of construction with a wide range of materials. 
According to the American Association of State Highway Officials, soil-aggregate roads are 
classified by the type of material composing the road surface as follows: -5 
1. Natural soil roads refer to the lowest type of road surfaces and are comparable to primi-
tive roads except for the grading and drainage facilities which are provided for better servicea-
bility. The road surface is composed of the natural soils as they exist without the addition of 
any other material. 
2. Sand-clay mortar roads refer to those road surfaces which are composed of artificial 
mixtures of selected sand, silt, and clay materials. The sand-clay roads of the South-Atlantic 
States are an example of these types. These road surfaces in addition to being used as wearing 
surfaces may provide a suitable subgrade or subbase for higher type pavements. 
3. Coarse-graded aggregate surfaces consist of a wide variety of mineral aggregates such as 
gravel, crushed stone, crushed slag, chat, chert, or similar substances combined with sufficient 
clay, stone dust, or similar binder material to produce stability. Additives, such as portland 
cement, bituminous materials, lignin or other substances may be introduced to provide additional 
stability. These surfaces may be given a wearing course such as bituminous mat to give better 
service. 
1.3 Elements of a Road Surface 
The structure of any road surface is usually 
composed of two or more distinct elements or layers . 
As shown in Fig . 1 . 2, these elements are: (1) the 
wearing surface at the top, (2) the base course, 
(3) the sub-base course, and (4) the subgrade at 
the bottom. On old roads which have been recon-
structed a number of times over a period of years, 
the various layers may not be clearly defined and 
the thickness of different layers may be far from 
uniform. •oR SURFACE COURSE IF WEARING SURFACE IS OMITTED 
The upper layer or layers above the subgrade Fig. 1.2 Elements of A Road Surface 
are generally referred to as a road surface. A 
road surface may or may not have a wearing surface. When it is given an impervious wearing surface, 
it is called a pavement. 
The function of the wearing surface is to provide a good riding surface and to protect the 
underneath layers from the wear of traffic and disintegrating influence of climate. The base 
course is the element which is required to distribute the load imposed by the traffic to.the under-
lying layers. In a concrete road, the concrete slab usually provides the wearing surface as well 
as distributes the load. In all other roads, the base course is the main element distributing and 
withstanding the complex forces produced by standing or moving wheel loads, the chief function of 
the surfacing being to provide a wearing surface. When a base course is constructed without a 
wearing surface for lightly travelled roads, it is frequently referred to as a surface course. 
The subbase course may be regarded simply as an additional thickness of the base course. It is 
occasionally provided between the base and subgrade to inhibit the growth of heave-producing ice 
layers in the frost zone or to distribute the wheel pressure more widely over the subgrade soil, 
thus reducing the unit pressure on the soil and the amount of its vertical deformation under the 
influence of the wheel load. The subgrade is the ultimate foundation of the road surface. It may 
be the natural so.il as it exists in place at the site of the work or fill materials obtained from 
adjacent excavations. 
However much the applied load is distributed by the upper layers of a road structure, the 
subgrade must eventually carry the whole load due to the pavement and the traffic upon it. The 
number of layers for a road structure, therefore, is mainly dependent upon the structural charac-
teristics and physical properties of the subgrade soil encountered. 
When the subgrade soil is good, the pavement may not require a subbase layer; and the road 
5 The American Association of State Highway Of~icials, Policy on Maintenance of Roadway 
Surfaces (Washington: The American Association of State Highway Officials, 1948) pp. 7-8. 
13 
structure will consist of l ayer s of wearing surface, base and subgrade. In s ome i nst ances, the 
subgrade may even serve directly as the base course for a pavement thus reducing the road structure 
to a s ystem of two elements. In other cases, particularly on fine-grained soils , both base and 
subbase course would be advantageous; and the road structure would be composed of all of t he four 
element s . (Fig . 1.3) 
1. 4 Types of Road Surface or Pavement 
Road surfaces or paveaents may be classified i nto three general types according to their 
capacity of serving traffic . These types are high-type surfaces, intel'llediate-type surfaces and 
low-type surfaces. 
Fig. 1.3 Typical Forms of 
Road Surface 
High-type road surfaces have saooth riding qualities 
and good anti-akid properties in all weather and are justi-
fied for high-volume traffic. These surfaces are heavy 
enough to support adequately the expected volume and weight 
of vehicles without fatigue, so that aaintenance cost and 
likely annoyance to traffic operations are kept to a minimum. 
Road surfaces generally considered in this category are 
portland cement concrete paveaents, bituminous concrete 
paveaents , rock asphalt pavements, sheet asphalt pavements , 
and block paveaents. 
Interaediate-type road surfaces , lite high-type sur-
faces, include a dustless, all weather wearing surface. 
Of this group are a variety of types, differing one from 
another, principally in thickness of surfacing and methods 
of construction . They vary frOll surface treatments to pave-
aents which are not as strong and as expensive as the usual 
high-type pavements . Generally included in this category 
are bituminous road mixes, bituminous macadam pavements, 
cement-bound macadam pavements, and other similar pavements . 
Low-type surfaces range from surface treated earth roads 
and stabilized materials to loose surfaces sµch as earth, 
crushed stone, and gravel. They generally lack a dustless, 
impervious top course substantial enough to be regarded as a 
wearing course. They are used only when traffic is light. 
Most soil-aggregate roads are included in this group. 
Bach of the various types of road surfaces has its definite advantages, disadvantages and 
limitations. Under certain conditions, however, each can produce satisfactory results . While for 
a particular case the use of several types is often within the bounds of possibility, the selection 
of the best type to use aust be based on the principle of securing the transportation service at the 
•inimua cost . In this connection, numerous local factors and circuastances must receive careful and 
unprejudiced consideration, including the volume , character and weight of traffic; the kind, quality 
and quantity of aaterials; equipment and labor available; the climatic conditions; the nature of the 
subgrade and drainage conditions; the desired permanency of the construction; the relative cost; and 
the aaount of funds available . COllparisons of cost must not only be based on the initial construc-
tion cost , but also take into consideration the relative life, the probability and cost of recon-
struction, and the maintenance required, all of these factors varying widely between the different 
types. 
1 . 5 Traffic Considerations 
.Aaong the various econ<mic factors enwnerated above, the factor of traffic is ordinarily the 
one that deserves the primary consideration. To build and maintain a road surface of any type re-
quires a certain yearly expenditure. This expenditure is generally regarded as justified when it · 
is. well within the yearly savings in the cost of operating the vehicles that use the road. From 
the standpoint of economic return on road investments, all roads should be provided with the highest 
type of surface the traffic would justify, and no road should be improved to an extent that is in 
excess of its earning power. If but few vehicles are expected on a road, the road may be provided 
with a low-type surfacing. If the traffic volume is large, a higher type surfacing is generally 
used . A high-type surface should not ordinarily be used where a low or intermediate type would 
economi cally carry the traffic . Since a relatively small number of vehicles are likely to travel 
over the road, the total annual savings i n vehicular operating cost that could possibly be effected 
by providing the road with a hi gh - type surface would be considerably less than the yearl y expendi-
ture on the iaproveaent. 
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It must ~ ~•d, however, 
returns of an hlp1~veaent in the 
money. There are other benefits 
Safety, comfort, and convenience 
They may well be, in many cases, 
tures that economy will justify. 
based on traffic factors. 
that the above consideration is completely based on the tangible 
form of decreased transportation cost which can be evaluated in 
conferred by an improvement that cannot be assigned money values. 
of travel are illlportant factors in the desire for an improvement. 
the controlling considerations and thus influence higher expendi-
Under aost circumstances, however, the choice of road surface is 
'11le amount of traffic on a road is measured by the number of vehicles passing on it and is 
stated as the volume of traffic. The volume of traffic is indicated by a nuaerical figure 
representing the number of vehicles which· use the road in a certain period of ti.Ile. The general 
unit of measure used in reporting the traffic voluae on a road is the annual daily traffic volUll9. 
It represents the average daily traffic obtained by dividing the total traffic for the year by the 
total days of a year. To aate an actual count of the nuaber of vehicles using a road, observation 
stations are established, and by the use of automatic counters or individual observers, the nuaber 
of vehicles passing the station is determined. The current annual daily traffic voluae for a road 
can be determined readily where continuous traffic counts are available. Where only periodic 
counts are taken, the annual daily traffic volume must be established by special aethods. On the 
basis of the annual average daily traffic the type of surface can usually be selected and the 
econoaic value of the improvement be deterained. 
1.6 Illinois Classification of Highways 
It is a common practice to group roads into several classes in accordance with their volU119 
of traffic. All roads falling within each class require shlilar type of service, thus differing 
from other classes in broad physical characteristics and in facilities including the type of sur-
face for ·accomaodating traffic. The several groups of roads are usually identified by letters or 
other designations indicating the illportance of the road, the traffic voluae, and other pertinent 
elements of the demands to be served. As the design policies and practices vary froa one agency to 
another, there is no uniform classification of highways on the basis of their voluae of traffic. 
The Illinois classification of highways consists of eight classes of roads. These classes 
are designated as A, 8, C, D, I ., 1-1, F, and G, according to the Design Policies for the State, 
County and Township Rural Highways of the Illinois Division of Highways (December 1952). In 
Table 1.1 are shown the eight classes of roads, the traffic for which these classes of roads are 
to be provided and the type of surface required for these roads. It may be noted froa the table 
that the use of soil-aggregate materials for a road structure is primarily governed by the amount 
of traffic to be served. For lightly travelled roads such as those in Classes I, 1-1, F, and G, 
soil-aggregate aixtures are suitable as aaterials for road surfaces. For aore heavily travelled 
roads in Classes A, 8, C, and D, a dustless, all weather wearing surface is required; and soil-
aggregate materials may only be used for bases or subbase courses. 
1.7 Services of Soil-Aggregate Roads 
The suitability of certain soil-aggregate materials for road construction has been recog-
nized for many years; and among the various types of road surface, the soil-aggregate type is by 
far the most commonly used. 
Soil-aggregate roads are prilllarily used in rural areas where the service requireaent is to 
provide adequate land service or access to every farm home not served by the prilllary or trunk 
line highways. Such local traffic requirements are relatively low; a high-type paveaent in aost 
instances is not justified. Since soil-aggregate materials come from the earth's crust and are 
commonly locally available, a soil-aggregate road built of local materials is usually the best 
solution of the problem. Experience has shown that under such traffic conditions, a properly 
constructed soil-aggregate road can adequately serve the travelling public at all seasons of the 
year without requiring excessive maintenance. 
If the volume of traffic on a soil-aggregate road is too high, the maintenance cost will grow 
so great that it becomes entirely impossible to keep the road in satisfactory condition, or the 
operating cost of vehicles becomes greater than that of a higher type of pavement. Under this 
circumstance, a higher type of road surface is decidedly more economical and must ordinarily be 
provided. It should be realized that even though the initial cost of a higher road surface might 
be quite high, the expenditure entailed by the improvement would be fully repaid by the savings in 
vehicular operating costs. 
In many cases when the estimated demand of traffic requires some kind of high-type pavement, 
the local road agencies or political subdivisions may find that they do not have sufficient funds 
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TABLE 1.1 ILLINOIS CLASSIFICATION OF HIGHWAYS 
Class Average Daily 
Traffic 
A over 5000 
B 2500-5000 
c 1000-2500 
D 400-1000 
E 200-500 
E-1 100-250 
F 50-150 
G 0-90 
Type of Surface 
pavement 
pavement 
pavement 
dustless all-
weather surface 
Min. 4" gravel or 
crushed stone 
Min. 4" gravel or 
crushed stone or 
min. ! gal. road 
oil per sq. yd. 
Min . 4" gravel or 
crushed stone or 
min. t gal. road 
oil per sq . yd. 
Min. 4" gravel or 
crushed stone or 
min. i gal. road 
oil per sq. yd. 
Note : In accordance with the "Manual 
of Administrative Policies of the Bureau 
of Local Roads and Streets" of the Illi-
nois Division of Highways, prepared on 
September 15, 1956: (1) gravel or 
crushed stone surface and base courses 
and waterbound macadam base courses, to 
be utilized as a base for bitU11inous 
surface treatment, bituminous surface 
of the dense-graded aggregate type or 
the open-graded aggregate type, or 
bituminous macadam surface shall have a 
minimum compacted thickness of 7 inches. 
(2) For the construction of gravel or 
crushed stone surface course Type B a 
minimum of 2 inches of material may be 
added to existing gravel or crushed 
stone surfaces, provided the total 
thickness will not be less than 4 inches. 
to initially provide the pavement to the degree necessary. Due to their ease of construction and 
their adaptibility to further improvement , soil-aggregate roads are usually constructed without a 
wearing surface . Thus, the motorist can be duly served during the interim period, although the 
final pavement aay have to be delayed for several years. 
1.8 Highway Stage Construction and Soil-!ggregate Roads 
In the development of individual units of a highway system it is generally desirable to 
construct and improve the road structure step-by-step as the expenditure is justified by the de-
mands of increased traffic. This program is known as stage construction. The object of stage 
construction is to provide, efficiently and econcmically, adequate traffic service throughout the 
development of a highway. · 
Since soil-aggregate materials may be used for different structural coaponents of a road, 
they lend theaselves readily to the program of stage construction. If the mixture is properly 
prepared, a soil-aggregate road may function initially as a surface course. As traffic conditions 
change and require more adequate facilities, it may receive a thin bituminous surface treatment. 
Eventually it may serve as a base course for a high-type pavement which will serve a very heavy 
voluae of traffic. 
If a process of stage improvement is adopted in the construction of a soil-aggregate road, 
the road surface must be progressively improved as traffic conditions change and require more 
adequate facilities. In this connection, a good, sound criterion based on traffic volume is re-
quired for dete:naining the critical points at which improvement of service must be applied. As 
the local condition and experience vary, there is no universal agreement among road engineers 
concerning the changeover of one type of service to another. 
Generally, however, most engineers believe that soil-aggregate roads are most satisfactory 
for an average daily traffic of 50 or below. When the traffic is below about 50 vehicles per day, 
the dust problem is not serious, the loss of material is not very great. It is above the daily 
traffic of 50 where troubles with washboarding and loss of material may be encountered. 6 Never-
theless, for traffic not exceeding 100 vehicles per day, consideration of refinement is generally 
not necessary. When the traffic exceeds 100 vehicles per day it is often justified to use some 
type of dust palliative such as a liquid asphaltic material or calcium chloride. 7 Even though a 
little roughness trouble may still be encountered after the treatment on the road surface, the 
maintenance costs are, in general, appreciably reduced. 
6 American Road Builders' Association, Construction and Maintenance of Local Rural Roads, 
Technical Bulletin No. 180, (Washington: American Road Builders' Association 1951), p.11. 
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If the traffic reaches somewhere between 200 and 300 vehicles a day, a soil-aggregate sur-
face can no longer be maintained economically and a higher type of surface will be generally more 
desirable. In this connection, the existing surface may be converted into a base course for a 
higher type of road surface. There are many cases, however, when because of budgetary limitations 
it may be necessary to forestall high-type surfaces until traffic counts reach unusually high 
figures, perhaps in the neighborhood of 500 vehicles per day. B 
The current practice in Illinois regarding the service of soil-aggregate roads with respect 
to volume of traffic compares favorably with the general practice mentioned above. A total of 
forty returns from a questionnaire recently directed to county superintendents of highways in 
Illinois indicate that of the 7000 miles of soil-aggregate roads involved in the survey, practi-
cally no soil-aggregate surface course carries an average daily traffic of more than 300 vehicles 
per day. In some cases a bituminous surface treatment is employed when the traffic volume exceeds 
50 vehicles per day, but generally it is employed for roads having a traffic volume of more than 
150 vehicles per day. When the average daily traffic is more than 150 vehicles, bituminous mix 
surfaces are used with soil-
aggregate bases. However, 
nearly 50 per cent of these 
bituminous mix surfaces in 
those 40 counties are carry-
ing a traffic over 500 
vehicles per day. 
1.9 Cross Section of a 
Soil-Aggregate Road 
In Fig. 1.4 is shown a 
typical cross section of a 
soil-aggregate road. It em-
braces the entire right-of-
way, which is the area 
occupied by the road between 
the boundary lines with pri-
vate property on each side, 
ROADSIDE 
Fig . l. 4 
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SLOPE 
ROADWAY 
ROADBED 
ROAD SURFACE SHOUL 
~% I-~ _ ...
cc 
WIJTH 
OF 
DITCH 
ROADSIDE 
BACK SLOPE 
Typical Cross-Section of A Soil-Aggregate Road 
and consists of several independent units as identified in the sketch. Each unit must be designed 
for and made to serve a definite purpose, and in harmony with the other units. A discussion of the 
design of these elements is presented in Appendix A in the geometric design of soil-aggregate roads. 
The portion of the road within limits of construction is called the roadway. The portion of 
the right-of-way outside the roadway is called the roadside. The part of the roadway between the 
outside edges of the finished shoulders is called the roadbed. The roadbed is composed of two 
elements. The road surface is the portion of the roadbed for the movement of vehicles, and is 
regarded as the most important element of the road. The road surface is crowned, that is, made 
higher in the center, so that water will run from it. The shoulders are the two strips, one on 
either side of the road surface, between the road surface and the inside edge of the slope of 
ditch or fill. Shoulders provide parking area for emergency use, and give lateral support to the 
road surface. In making excavations and embankments, the side slopes must be given an inclination 
which will prevent slippage of the soil. Side slopes may vary a great deal, depending upon the 
type of material and the geographical location. Along the roadbed in cuts and on ground that is 
comparatively level, side ditches are used to carry away the water that flows into them from the 
road surface, shoulders, and the side slopes. These ditches may also intercept water percolating 
through the ground and carry it away from the road area, if they are properly located and designed. 
In fill sections where the roadbed is above the general level and the water simply flows off the 
roadbed and down the side slopes to the natural ground surface, no side ditches are required. 
Other cross ~ectional elements that are not shown in Fig. 1.4 include guard rails, guard 
posts, guide posts, traffic signs and signals . These safety devices are only necessary at certairr 
places and are not required for the entire section of a road . 
7 Experience in Iowa indicates that "the application of calcium chloride as a dust 
palliative can be justified for roads carrying 150 to 200 vehicles per day. Its effectiveness, 
however, may cover a much wider range of traffic intensities". Ibid . , p. 10. 
8 American Road Builders' Association, Design, Construction and Maintenance of 
Secondary Roads, Technical Bulletin No. 190, (Washington: American Road Builders Association, 
1952), p.15. 
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1 . 10 Studies on Soil-Aggregate Roads 
The earliest study in connection with soil-aggregate roads was perhaps the investigation 
begun in 1906 by C. M. Strahan in regard to the sand-clay roads in Georgia. The data were secured 
fran a comparative study of the history of roads under traffic and the mechanical analysis of the 
constituent materials. Conclusions of this research indicate that the successful use of the soil-
aggregate mixtures depends primarily on the composition as to size, quantity and uniformity of 
mixing of the ingredients, and upon the adequate consolidation of the mass. 
Following the work of Strahan, there has been much research concerning soil-aggregate roads 
involving materials other than mixtures of sand and clay. Various highway agencies and educational 
institutions have been active in participating in the research. Significant studies include cir-
cular track tests conducted in 1939 by the Public Roads Adainistration regarUing various soil-
aggregate mixtures for highway pavement. The findings of this type of study have formed the 
basis of the tests and specifications developed in recent years; these tests and specifications 
facilitate the selection of the most suitable and economical materials for a job by providing a 
basis for judging the relative merits of various materials which may be available. 
In spite of the fact that our knowledge of soil-aggregate roads has increased appreciably 
during the past years, this type of construction has not ctllllpletely emerged from the realm of 
research. Many failures are experienced by soil-aggregate roads attributable to their inadequate 
stability, durability and wear resistance. The effect of a nwaber of variables on the service 
characteristics of roads of this type is still not too clearly understood. For this reason, 
further studies of soil-aggregate aixtures for highway pavement should prove to be beneficial in 
gaining a better understanding of the factors which affect the service characteristics of roads of 
this type, and in bringing about improvement in the design, construction and maintenance of soil-
aggregate roads. 
1.11 Cµrrent Practice 
The current practice for the design, construction, and maintenance of soil-aggregate roads 
has been developed as a result of the studies conducted on this type of road in recent years. 
Since the working principles, particularly those employed in connection with the design of soil-
aggregate mixtures, are more or less empirical, local practice or experience is usually a good 
guide upon which to rely. 
It should be realized, therefore, that the practice on soil-aggregate roads has not been 
reduced to an exact procedure; variations have been found in the methods now in use by various 
highway agencies in this country. Nor can it be said, in general, that any particular practice 
is the only kind suited to a specific job. There are certain fundamental principles that are 
quite generally accepted as being the basis of a good practice. As long as the basic principles 
are not violated, considerable latitude should be allowed in adapting the procedure to a particu-
lar project. 
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I I. MATERIALS AND DESIGN OF MIXTURES 
2.1 Aggregates 
Aggregate is the part of a soil-aggregate mixture retained on a No. 200 U. S. standard sieve 
and is commonly referred to as the granular fraction in the mixture.l It is the basic material for 
soil-aggregate construction because the major portion of the road body is made up of this element. 
It is called upon to bear the aain stresses occurring in the road and to resist wear from surface 
abrasion. Since the behavior of a soil-aggregate road is affected considerably by the quality 
and character of the aggregate, careful selection of the material is necessary for the satisfactory 
service of the road. 
Considering the country as a whole, there is a wide variety of aggregates used in the con-
struction of soil-aggregate roads. Nearly any material of a granular nature which does not easily 
soften when wet or break down under traffic can be employed. However, the best aggregates are 
those which are composed of hard, angular, and durable particles. Aside from those materials which 
have purely local significance, the more universally used aggregates include crushed stone, crushed 
and uncrushed gravel, sand, slag, and chats. All of these materials are used in Illinois. A brief 
description of these materials is presented in the following paragraphs: 
Crushed stone is the angular fragments resulting frOlll crushing of rocks by mechanical means. 
It may be obtained from commercial sources in a variety of sizes or as a crusher-run product. 
Crushed stone may also be produced on 6r near the job by crushing suitable local quarry stone in 
a portable crusher. The fine material resulting from crushing rock is known as stone screenings. 
According to the Standard Specifications for Road and Bridge Construction of the Illinois Division 
of Highways, crushed stone should be produced from the following types of rocks quarried from un-
disturbed consolidated deposits: granite and similar igneous rocks, calcareous or dolmaitic 
limestone; or massive metamorphic quartzite or similar rocks.2 
Gravel is the coarse granular material resulting from the natural disintegration of rocks by 
the actiOii"Of elements. It occurs as a natural deposit in many localities in both glaciated and 
unglaciated regions. During the process of deposition the particles are worn down and bec0111e more 
or less rounded in shape, with smooth surfaces. Strictly speaking, gravel includes only the 
mineral particles larger than sand. The term, however, is often applied to mixtures of pebbles, 
sand, and perhaps soil. Gravel may be procurred commercially in a variety of sizes in either the 
crushed or uncrushed form. In most cases it is obtained by excavating local deposits. 
Bank-run or pit-run gravel is a natural mixture of gravel, sand, silt and clay as it c0111es 
from a gravel bank and is of such quality that it may be used with only minor processing. The 
deposit is generally of glacial origin and is typically characterized by variable grading and 
smooth or even somewhat rounded individual particles, although angular or subangular particle 
shapes are common. 
Stream or river gravel is a deposit of gravel, sand, and perhaps soil occurring in channels 
of rivers and streams. It is characterized generally by rounded particles distributed with some 
uniformity throughout the various size grades. River gravel contains less fine material and is 
looser and more sandy than a bank gravel of the same locality, since the silt and clay materials 
have been washed out . 
Novaculite gravel is the material occurring in natural deposits, composed of angular parti-
cles of siliceous origin and mixed with clay and iron oxide. It is found in southern Illinois in 
Alexander and Union counties . 
Crushed gravel is the product resulting from the artificial crushing of gravel. According to 
the Standard Specifications for Road and Bridge Construction of the Illinois Division of Highways, 
crushed gravel should consist entirely of fractured particles obtained by crushing gravel, all of 
which before crushing should be retained on a screen with openings one and one-half times as large 
as the maximum size permitted by the gradation requirements. 3 
1 Aggregate is commonly separated into two fractions known as coarse aggregate and fine 
aggregate. The dividing line between these fractions is the No. 10 U. S. standard sieve with an 
opening of 2.00 millimeter (0.079 inch). 
2 Illinois Division of Highways, Standard Specifications for Road and Bridge Constructio~ 
(Springfield: Illinois Division of Highways , 1958) , p . 610 . 
3 Ibid. 
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Screened gravel is the material sep~rated.from the ~ndesirably large or fine fractions by 
s creening. It may be screened to any desired size. No binder soil is contained in this material. 
~ i s the fine granular material formed by the natural disruption or disintegration of 
rc;x:ts. It occurs in deposits of varying size and character depending upon the condition of forma-
tion, transportation, and deposition. Sand is usually found mixed with gravel and perhaps some 
soil materials. Sand found in beds or bars in streams is usually intermixed with gravel but 
generally free from much clay or silt. 
Slag is the nonmetallic product consisting essentially of silicates and alumino-silicates of 
lime and other bases, which is developed ·simultaneously with iron in a blast furnace. 4 It may be 
either air-cooled or granulated and may be obtained in a variety of sizes. 
Chats are mine tailings resulting from the separation of metals from the rocks in which they 
occur. Chats may be obtained in some areas as waste products from mining operations and form an 
important source of inexpensive aggregates. 
2.2 Necessary Qualities of !ggregates 
In selecting granular materials for soil-aggregate roads, a good practice is to use aggre-
gates from sources known to make good roads, or to procure them from reliable dealers. If it . is 
necessary to use materials of unknown quality, they should be examined and tested to make sure 
they are suitable for this type of road construction. Important items that are commonly considered 
are (1) undesirable substances, (2) resistance to wear, (3) soundness, (4) gradation, (5) maximum 
size, and (6) particle shape. 
Undesirable Substances: Undesirable substances in aggregates include soft and unsound 
materials such as shale, coal, mica, or other objectionable matter. An excess amount of these 
materials in road surfaces or bases is not allowable because it lowers the strength and durability 
of the road structure. The maximum permissible amount of shale, soft particles, coal, etc. is 
frequently stipulated by specification. Some highway agencies, however, require only that aggre-
gate material for soil-aggregate road construction be reasonably free from an excess of deleterious 
substances. 
Resistance to Wear: An aggregate, to make a good roadbuilding material, should be composed 
of stones that are hard and tough and therefore will not readily disintegrate under traffic. The 
ability of an aggregate to resist wear and breakdown under traffic is indicated by the results of 
abrasion tests. The most commonly used abrasion test is the Los Angeles Abrasion Test. 5 This test 
utilizes a hollow steel cylinder closed at.both ends . The cylinder is 28-inch inside diameter, and 
20-inch long and contains a 3!-inch steel shelf extending from end to end on the inside. A 5000-
gram sample of aggregate, together with 6 to 12 steel balls of about l 7/8-inch diameter, are placed 
in the cylinder during the test. The number of balls depends upon the gradation of the sample . The 
cylinder rotates at a speed of 30 to 33 revolutions per minute. After 500 revolutions the percent-
age lost is determined, the portion passing a No. 12 U. S. standard sieve being considered as loss. 
The per cent loss of weight, called per cent of wear, is taken as the measure of the wearing qual-
ities of the aggregate. Specifications utilizing this test usually state the maximum percentage 
of wear permitted in aggregates. 
Soundness: An important quality of aggregates is their ability to withstand climatic forces. 
An aggregate is considered to be physically sound if it is adequately strong and is capable of re-
sisting weathering without disruption or decomposition. Aggregate particles that are physically 
weak, extremely absorptive, easily cleavable or which swell when saturated, are susceptible to 
breakdown through exposure to natural weathering processes. Such mat~rials are regarded unsound. 
The soundness of an aggregate can best be determined by its service record. However, it is 
commonly evaluated by accelerated soundness tests using either (1) sodium sulfate or magnesium sul-
fate or (2) freezing and thawing method. 6 In the sodium or magnesium sulfate test the aggregate 
is immersed in the saturated solution for 16 to 18 hours and followed by draining and oven drying. 
Usually several cycles of alternate immersion and drying are run. After testing, the sample is 
examined, and the change in particle size is determined. Results are reported as "percent loss" 
which is measured as the percentage by weight which passes a sieve on which the particles were 
originally retained. 
4 American Society for Testing Material 0 , 1955 Book of Standards, Part 3, (Philadelphia: 
American Society for Testing Materials, 1955), p. 1260. 
5 See Appendix B for detailed procedures. 
6 see Appendix B for detailed procedures. 
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Freezing and thawing tests more closely resemble the condition that is actually occurring in 
t he field . In t his test samples of aggregates are frozen for 2 hours , then thawed for half an 
hour . Twenty-five or more cycles of alternate freezing and thawing are commonly required. The 
findings of visual examination and the "percentage loss", as defined above, are reported as the 
results of the test . 
Gradation: The distribution of particle sizes throughout an aggregate is known as the 
gradation of the aggregate. It is determined by separating a representative sample of the aggre-
gate into various size groups or fractions by shaking it through a series of sieves, the sieves 
having larger_openings being on top. (Fig. 2.1) The process is called the mechanical analysis of 
an aggregate . 7 The results of a mechanical analysis are expressed by stating the percentage of 
the total weight of the dry aggregate particles which passes each of a series of 
stated diameters fran the smallest size up through the maximum size of particle 
contained in the aggregate. They may also be presented graphically by means of a 
particle size distribution curve. Such a curve is plotted on a semi-logarithmic 
graph paper with the per~entages on the arithmetic scale and the corresponding 
sizes of particles as the abscissae on the logarithmic scale, as shown in Fig. 2.2. 
The shape of such a curye shOWB at a glance the general grading characteristics of 
the aggregate. 
An aggregate which contains.a good representation of particles of several 
sizes ranging continuously fran coarse to fine is called well-graded and is 
represented by a curve that extends across several cycles of the logarithmic 
scale. If all the particles of an aggregate are approximately the sa11e size, 
the material is called poorly graded and is represented by a nearly vertical 
line in the grading chart. Field experience has shown that the most desirable 
aggregate for soil-aggregate roads are those which are well graded frOll coarse 
to fine. Well graded materials can be aore readily c011pacted than poorly 
graded mixtures and generally have greater stability after compaction. For 
this reason well graded aggregates are generally required by specifications 
for soil-aggregate construction. 
Maximum size: There is considerable variation in practice as to the maxi-
mum size of aggregate. Experience has indicated that it is undesirable to use 
aggregate larger than the one-inch size in a surface course. Roads built with 
aggregates larger than this size are usually rough and difficult to maintain. 
The grader blade catches on the large aggregates and tears up the surface, 
leaving loose material and a rough finish. Base course aggregates as large as 
the 3- inch size may be used, but generally the maximum size is limited to 
either the 2-inch or the I!-inch size and in many cases does not exceed the !-
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inch size, especially if there is probability of the base material working up into the surface layer. 
Particle shape: The performance of a soil-aggregate road is dependent, to a certain degree, 
on the shape of the aggregate particles of which it is composed. Stability, density and durability 
are all promoted by good interlocking of the aggregates. The more angular and rough-surfaced 
particles an aggregate contains, the more effective interlocking is between the particles, and 
the better suited the material is for soil-aggregate construction. Unfortunately there is at 
present no satisfactory test for measuring the relative angularity or roundness of aggregate. 
This property is generally evaluated by visual inspection. 
2.3 .Aggregate Materials for Highway Construction in Illinois 
The Illinois Division of Highways has tabulated all the com11ercial sources from which aggre-
gates may be obtained for highway work in Illinois. This information is presented in Bulletin No. 
23 of the Division entitled "Commercial Plants Producing Aggregates for Highway Construction in 
Illinois". 
In this Bulletin all known plants located in Illinois and the closely adjacent areas are 
listed from the largest plants that regularly furnish all types of aggregates to the smallest 
plants that furnish only surfacing materials. The list also includes those deposits in which port-
able plants are operated at intervals to build up stockpiles of aaterials for future use. Bach 
plant has been assigned a number and a map reference in the tables. These serve to identify and 
locate each plant. 
Other valuable information indicated in the tabulation includes the type of material which 
the producer usually can furnish, the nol'llal daily capacity, and the shipping facilities of each 
of these plants. If the material is intended to be used on projects under the supervision of the 
Division of Highways, information concerning the quality of the material from any of these sources 
may be obtained from the Bureau of Materials of the Illinois Division of Highways or preferably 
from the District Engineer of the district in which the plant is located. 
Many cqunties in the State have also collected data regarding local aggregate materials which 
can be used to construct soil-aggregate roads. Results of a fact-finding survey have indicated 
that, among the 40 counties responded to the survey, 34 counties have information concerning the 
local sources of aggregate. Most of these counties have also accumulated data on the quantity and 
quality of these materials. For instance, 31 counties have collected data on the gradation and 22 
counties have data on the soundness and wear resistance of locally available aggregates. This type 
of information is of tremendous value in planning a construction project. Considerable savings can 
also be obtained when the contractors have adequate knowledge of the possible sources of materials 
for a proposed project. 
2.4 Silt and Clay Materials 
Silt and clay material constitutes the fine soil fraction of a soil-aggregate mixture. 8 Both 
silt and clay pass the No. 200 U.S. standard sieve. Silt includes the coarser grains of the fine 
soil fraction and can be readily distinguished from clay by its grittiness if a tiny amount is 
placed in the mouth and bitten between the teeth. 9 Silt alone can become spongy and very unstable 
when wet but does not produce a sticky mud. Clay particles are smaller than silt and give no 
sensation of grittiness when bitten. They become cohesive when wet, and therefore, produce sticky 
mud. 
The functions of silt and clay material in a soil-aggregate mixture are (1) to fill the voids 
within the aggregate, and (2) to bind the aggregate into a strong durable mass. As filler, they 
are helpful in producing high density, impermeability, and high load-carrying capacity. As binder, 
they supply cohesion, or the resistance of soil particles to being separated or pulled apart. They 
also diainish the loss of materials by wind or water erosion or traffic abrasion when the soil-
aggregate mixture is used as a surface course. 
Silt and clay material is stable when relatively dry, and is unstable when wet. Small 
amounts of water apparently serve as an effective binding agent for soil grains, while excessive 
quantities act as a lubricant. Furthermore, material containing highly active clays may swell to 
7 See Appendix B for detailed procedures. 
8 Fine soil fraction may also consist of limestone dust or a mixture of limestone dust and 
natural soil. 
9 Highway Research Board, Granular Stabilized Roads, Wartime Road Problems No. 5 
(Washington: Highway Research Board, 1943) p. 5 
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several times their dry volume in the presence of water and destroy the proper arrangement of 
aggregate particles . For these reasons , both the amount and the nature of silt and clay material 
must be carefully controlled. 
2.5 Quality and Quantity of Silt and Clay Material 
The amount of silt and clay material used in a soil-aggregate mixture should be sufficient 
to supply adequate cohesion without overfilling the voids in tho aggregate. This aay be beat 
accaaplished by selecting a aaterial with a high capacity to develop cohesion so that the quantity 
required may be kept within desirable limits. 
Two tests are used to measure the degree of cohesion possessed by the fine soil aaterials. 
They are the liquid limit (L.L. or Ly) test and the plastic limit (P.L. or Py) test. 10 The 
results of these tests are used to compute a value known as the plasticity index (P.I. or I.). 
The plasticity index is the nwaerical difference between the liquid limit and the plastic llait. 
These tests were originally developed by a SWedish scientist, A. Atterberg, and are soaetilles 
called Atterberg Limit tests. ~·· . ~- .. 
The liquid limit of a soil is the smallest moisture content, · ··. ·:·.": . ~:  / ·· ._:.: . ._:":•:.:·:··· 
at which the soil exhibits liquid properties. It is expressed as ~~ 
a percentage of the weight of ovendry soil. It is determined by 
mixing the soil with sufficient water to render it pasty. The 
paste is placed in a cup and formed into a smooth surfaced aass. 
A groove 2 mm wide and 8 11111 high is cut in the soil mass with a 
special grooving tool. The cup is dropped through a height of 1 
ca. When the lower edges of the groove coae into contact with 
each other for a length of about i inch at the 25th blow, the 
soil is said to be at the liquid limit. If the lower edges of 
the groove do not flow together, the aoisture content is below 
the liquid liait. If the lower edges meet before 25 blows have 
been struck, the moisture content is above the liquid limit. 
(Fig. 2.3) 
The plastic limit is the smallest water content at which a 
soil exhibits plastic properties. It is determined by rolling a 
sample of plastic soil into a thread with a diameter of 1/8 inch. 
If the soil does not crumble, the thread is picked up, remolded, 
and rolled out again. This process is repeated until the thread 
just begins to crumble when it reaches the diameter of 1/8 inch. 
(Fig. 2.3) The moisture content at which crumbling takes place 
is defined as the plastic 1 imit. 
2 . 6 Significance of Limit Values 
At the plastic limit the soil grains are coated with very 
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Liquid Limit and Plastic Limit 
Tests 
by the liquid limit test, the cohesion of the soil grains is considered as having been reduced to 
practically zero . The change in thickness of films that res11lts is about proportional to the 
difference in water content between the plastic and liquid limits. This difference in water con-
tent is called the plasticity index. The plasticity index has been used as a quality test for 
selecting silt and clay materials for the construction of soil-aggregate roads. Specifications for 
soil-aggregate roads generally give permissible values for the plasticity index and liquid limit of 
the fraction passing the No. 40 U. S. standard sieve . This portion is sometimes called soil fines 
and includes not only silt and clay materials but also some fine aggregate. 
The quantity of silt and clay material is controlled by the quality of the material. The 
greater the plasticity index of the silt and clay material, the smaller the amount that should be 
used in the soil-aggregate mixture. In a specification the allowable amount of the material is 
indicated by the fraction passing the No . 200 U. S. standard sieve. Sometimes the ratio of the 
percentage of material passing the No. 200 sieve to that passing the No . 40 sieve is stipulated as 
a control. This ratio is frequently referred to as the dust ratio . 
10 See Appendix B for detailed procedures. 
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2 . 7 Requirements of Materials for Surface and Base Courses 
There are distinctive requirements for soil-aggregate materials which are to be used as a sur-
face course as compared with those which are to be used as a base course. As a surface course they 
must have: 
(1) stability to support the weight of traffic without detrimental settlement or deformation; 
(2) resistance to abrasive action of traffic; 
(3) ability to shed a large portion of the rain which falls on the surface, since a large 
amount of water penetrating the surface might cause loss of stability in the surface course or 
softening of the subgrade; and 
(4) capillary properties to replace the moisture lost by surface evaporation and thus main-
tain the desirable damp condition in which the soil-aggregate particles are firmly bound together. 11 
As a base course the requirement of stability is the only absolute necessity. Resistance to 
abrasion is no longer required because the wearing surface now performs this function. Rain water 
is almost entirely shed by the impervious top and can only reach the subgrade by way of the shoul-
ders. Evaporation is largely cut off by the wearing surface and consequently the requirement of 
capillarity becomes less important. 
It aay be noted that the one common requirement for surface course and base course materials 
is stability. In all other reppects service conditions demand different properties. It has been 
observed repeatedly that soil-aggregate mixtures which served excellently as surfaces have failed 
when covered by a wearing surface. Also mixtures too porous to perform satisfactorily as surfaces 
have given good service when covered with wearing course . The reason for this is that a sufficient 
amount of fine soil fraction is required in surfaces to continually replace, through capillarity, 
that amount of water which is being continually lost by evaporation. This same amount of silt and 
clay, however, if present in base courses where evaporation from the surface is cut off by the 
wearing course, will accumulate moisture and become wet. The wet soil acts as a lubricant for the 
aggregate particles and the stability of the base course is reduced. Furthermore, an excessive 
amount of wet soil tends to work up under the wearing course where it is trapped and forms a layer 
which lifts the surfacing from the base and causes a total failure of the road. 
2.8 American Association of State Highway Officials and Its Specifications for Materials for 
Soil-.Aggregate Roads 
The American Association of State Highway Officials, organized in 1914, is composed of the 
principal executive and engineering officers of the various state highway departments and the 
Bureau of Public Roads. The objective of.the organization is to foster the development, operation , 
and maintenance of a nationwide integrated system of highways to adequately serve the transporta-
tion needs for our country. 12 Engineering activities of the association include, among others, the 
adoption and publication of certain specifications, policies, and standards representative of the 
best current practice. Any practice that is approved by the association is, in effect, adopted by 
all highway agencies. 
The American Association of State Highway Officials has prepared specifications for materials 
for soil-aggregate surface, base, and subbase courses (AASHO Designation: M 147-57).13 These 
specifications cover the quality and grading of various materials for several types of soil-
aggregate construction. Both experience and research have shown that these specifications furnish 
the best guide in the selection of materials. They are the safest course to follow to reduce the 
possibility of failure, especially when experience is lacking. 
There are six permissible gradings recommended by the American Association of State Highway 
Officials. These gradings are shown in Table 2.1. Gradings A, B, C, and D, are related to mix-
tures consisting of crushed stone, gravel, or slag with natural or crushed sand and fine mineral 
particles passing a No. 200 sieve; Gradings E and Fare related to mixtures consisting of natural 
11 E. A. Willis, "Design Requirements for Graded Mixtures Suitable for Road Surfaces and 
Base Courses", Proceedings Highway Research Board, XVIII, Part II, (1938), 206. 
12 Public Roads Administration, Highway Practice in the United States of America, 
(Washington: Public Roads Administration, 1949) , p. 28. 
13 . 
American Association of State Highway Officials, ~S~t~a~n~d~a~r~d_S~pe~c~if~i~c~a~t~i~o~n=s:;,_;:f~o~r_;;:H~i~g~h~w~a.y 
Materials and Methods of Sampling and Testing, Part I, (Washington: American Association of State 
Highway Officials, 1955), pp. 52-53. 
or crushed sand with fine mineral particles passing a No. 200 sieve, with or without crushed stone, 
gravel, or slag. The permissible limits for each grading assure a fairly uniform distribution of 
particle size from coarse to fine. In all cases, the fraction passing the No. 200 sieve shall not 
be greater than two-thirds of the fraction passing the No. 40 sieve. 
Materials conforming to the requirements of either one of the six gradings may be used for 
base courses or subbases. However, only those materials conforming to the grading requirements of 
grades C, D, I, and F can be used for surface courses. The fraction passing the No. 40 sieve of 
the soil-aggregate mixture for both surface and base courses shall have a liquid limit not greater 
than 25 and a plasticity index not greater than 6. Where it is planned, however, that the surface 
course is to be maintained for several years without bituminous surface treatment or other super-
imposed impervious surfacing, a maximum liquid limit of 35 and a plasticity index ranging from 4 
to 9 are required. Under these conditions a mini11U11 limit of 8 per cent passing No. 200 sieve is 
specified for gradings C, D, or E instead of the minimum percentages shown in Table 2.1. 
Regarding strength, soundness, and deleterious substances, the specifications require that 
aggregate retained on the No. 10 sieve consist of hard, durable particles or fragments of stone, 
gravel or slag. They shall have a percentage of wear determined by the Los Angeles test, of not 
more than 50. Materials that break up when alternately frozen and thawed or wetted and dried shall 
not be used. The composite soil-aggregate mixture shall be free from vegetable matter and l\lllps or 
balls of clay. 
Even though the above outlined specifications for materials for soil-aggregate roads are 
used by some state highway departments, many highway agencies have written their own specifications 
covering suitable gradations and materials for soil-aggregate roads. A few agencies stipulate that 
all the large or oversized material be crushed in order to include all the tougher, harder stones, 
and also to gain the angular shapes and rough surfaces so important to stability. Scme agencies 
also require physical testing beyond that called for by the specifications of the American Associa-
tion of State Highway Officials. 
TABLE 2.1 AMERICAN ASSOCIATION OF STATE HIGHWAY OFFICIALS 
GRADING REQUIREMENTS FOR SOIL-AGGREGATE MIXTURES 
Sieve Percent•u•e b• Wei~ht Passin~ Sauare Mesh Sieves 
Designation Grading Grading Grading Grading Grading Grading A B c D I F 
2-inch 100 100 ... . . . . .. . .. 
I-inch 
... 75-95 100 100 100 100 
3/8-inch 30-65 40-75 50-85 60-100 ... . .. 
No. 4 25-55 30-60 35-65 50-85 55-100 70-100 
No. 10 15-40 20-45 25-50 40-70 40-100 55-100 
No. 40 8-20 15-30 15-30 25-45 20-50 30-70 
No. 200 2-8 5-20 5-15 5-20 6-20 8-25 
2.9 Illinois Division of Bi hwa s for Materials for Soil-A re ate Base and 
According to the specifications of the Illinois Division of Highways the coarse aggregate for 
gravel or crushed stone base and surface courses shall be pit or bank run gravel, gravel, crushed 
gravel, novaculite gravel, or crushed stone. The general requirements for these materials are as 
follows: 
(1) Undesirable Substances - The aggregate shall consist of tough, durable particles, 
reasonably free from an excess of soft and unsound material and other objectionable matter. 
(2) Percentage of Wear - The percentage of wear as determined by the Los Angeles abrasion 
method shall not exceed 45 per cent. 
(3) Soundness - When subjected to 5 cycles of the sodium sulphate soundness tes:, the weighted 
average loss shall not be more than 25 percent. Aggregate failing to meet the above requirement 
may be accepted, however, if it is subjected to the freezing and thawing test, and the weighted 
average loss at the end of 25 cycles does not exceed 10 per cent. 
(4) Gradation - The aggregate shall be mixed uniformly, well graded from the maximum to the 
minimum s!ze specified. When tested with laboratory sieves, it should conform to the gradation 
given in Table 2.2. The gradation limits from the table are plotted in Fig. 2.4 to 2.14. The 
particle size distribution curve of a desirable material should lie within the shaded area of one 
of these diagrams, and must be approximately parallel to the limiting curves. 
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Sieve 
Designation 
I 1/2-ln. 
I - In. 
3/4- In. 
112- In. 
318- In. 
No. 4 
No. 8 
No. 16 
No. 40 
No. 200 
TABLE 2.2 ILLINOIS DIVISION OF HIGHWAYS GRADING REQUIREMENTS OF MATERIALS 
FOR GRAVEL OR CRUSHED STONE BASE AND SURFACE COURSES 
Percento11e by Wei11ht Possin11 Sieves 
Grode I Grode 2 Grode 3 Grode 4 Grode 5 Grode6 Grode 7 Grode 8 Grode 9 Grode 10 
Grovel Grovel Grovel Crushed Crushed Crushed Grovel Crushed Crushed Novoculite 
* • * 
Stone Stone Stone 
** 
Stone Grovel 
••• 
100 . . . ... 100 . . . . .. . .. . . . . .. 100 
95-100 100 . .. 95-100 100 . .. 100 100 100 90-100 
60-90 95-100 100 60-85 95-100 100 eo-100 ... . . . . . . 
45-75 45-95 95-100 45-75 45- 85 95-100 65- IOO 60•90 60-90 50-85 
50-90 70-90 ... 
25- 50 25-50 20-35 25-40 25-40 10-20 40-60 40-60 40-60 25-60 
15-40 15-40 10-25 . . . ... 25-50 25-50 25-50 15-35 
.. ... 0-20 0-20 20-40 20-40 . .. 
15- 25 .... . . 
.. 5- 10 5 -15 5 - 15 8-15 
Grode 11 
Grovel 
t 
100 
90-100 
. .. 
60- 90 
45-70 
35-60 
. . 
5- 10 
* It is desirable that the material contain from 5 to 10 percent clay, and material containing 
such percentages will be accepted. 
** The material passing the No. 40 sieve shall have a plasticity index between 2 and 9. 
*** The sieve analysis shall be made on the washed and dried material, and the percentages 
shown shall not include any clay or silt, The plasticity index of the material passing 
the No. 40 sieve shall not exceed 17 per cent. 
+ Pit run gravel. If the plasticity index of the material passing the No. 40 sieve is not 
between 2 and 9, then the material passing the No. 4 sieve shall not exceed 50 per cent. 
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It may be noted that there are eleven permissible gradations for various materials for soil-
aggregate construction. If a surface course is constructed in layers and compacted by rollers 
with the aid of water, materials conforming to the requirements of grade 7, 8 or 9 only shall be 
used. The method of construction is known as Type A in Illinois. The other type of construction 
known as Type B does not require the use of water for compaction. The surface material is com-
pacted by hauling equipment during the spreading and hauling operations. Any grade of the speci-
fied material may be used for Type B construction. It may be further noted at the bottom of Table 
4.2 that there are no requirements regarding liquid limit and plasticity index for materials of 
grade 1 , 2 or 3. However, a desirable content of clay of 5 to 10 per cent is stipulated. For 
materials of grade 7, the fraction passing the No. 40 sieve shall have a plasticity index between 
2 and 9. For grade 10 material the portion passing No. 40 sieve shall have a plasticity index 
less than 17 and for grade 11 material the portion shall have a plasticity index between 2 and 9. 
If the portion passing the No. 40 sieve of a grade 11 material is not between 2 and 9, the portion 
passing the No. 4 sieve shall not then exceed 50 per cent of the total weight. No specific re-
quirements regarding plasticity index or liquid limit are specified for crushed gravel or crushed 
stone. These materials include those of grades 4, 5, 6, 8, and 9. 
For base course construction, materials conforming to the requirements of grade 7, 8, or 9 
shall only be used. The plasticity index of grade 7 material shall be within 2 to 6, and that of 
grade 8 or 9 material shall be within 0 to 4. Base course construction in Illinois also has two 
types, namely, Type A and Type B. These two types are, however, not the same Type A and Type B as 
in surface course construction. In Type A base course construction, the aggregate must have suffi-
cient moisture distributed throughout it before being deposited on the subgrade. The material is 
mixed in a central mixing plant with proper amount of water to provide the maximum compaction. 
When compacted, the plant mixed material must have a California Bearing Ratio (Section 3.10) of not 
less than 80. In Type B base course construction, water may be added either before the aggregate 
is placed or before it is spread on the subgrade. There is no specified requirement of California 
Bearing Ratio for the compacted material for Type B construction. 
A recent survey regarding current practice in Illinois on soil-aggregate roads indicates that 
a large majority of the counties favor the use of crushed stone or crushed gravel for this type of 
construction. Among the 40 counties responding to the survey, 35 counties prefer the use of either 
crushed stone or crushed gravel or both. In selecting materials for use, gradation of the material 
is generally ~egarded as the most important factor, assuming that cost of material in relation to 
the service given is a primary consideration. Grades 7, 8, and 4 materials of the Illinois Stand-
ard Specifications have been found to be those more preferred by the counties. Other factors taken 
into consideration include maximum size, wear resistance, soundness and shape of the aggregate. 
Requirements recommended by the Illinois Standard Specifications regarding soundness and wear re-
sistance are generally accepted by the counties. Most counties favor the use of aggregate with an 
amount of deleterious material less than 5 per cent and a maximum particle size of 1 inch. 
2.10 Use of Specifications for Selecting Materials 
The foregoing specifications are good guides for selecting materials for soil-aggregate 
roads. While the specifications of the American Association of State Highway Officials are appli-
cable to a variety of soil-aggregate materials, those of the Illinois Division of Highways cover 
only materials commonly in use in the state and are especially of value in soil-aggregate construc-
tion in Illinois. It must be realized, however, that the specification limits are based on materi-
als that have been found to give satisfactory results in practice. Many materials that fall out-
side the recommended limits may also give good results under particular local conditions. All that 
is claimed for these specifications is that materials which comply with them are more likely to be 
satisfactory for soil-aggregate construction than those materials which do not. For this reason, 
local experience in a given location should govern when it is in conflict with the values given in 
the above specifications. 
Soil-aggregate materials may be (1) naturally occurring deposits taken from pits, stream beds, 
or other sources, (2) processed or manufactured materials, or (3) mixtures of several materials 
from separate sources. In choosing materials for a soil-aggregate road, the problem quite often 
is selecting the best material from a number of possible local sources. Aside from definite quality 
considerations, there are certain economic factors such as purchase price, cost of necessary pro-
cessing, length of haul, etc., that should be carefully taken into account. High quality is always 
desirable. But the relative economy of each possible type of material should never be neglected as 
a governing element. From a practical standpoint, materials of less than the best available quality 
have often been accepted on the basis of delivered price . It should be realized that soil-aggregate 
construction is essentially a procedure of intelligently utilizing materials immediately at hand. 
It is not a matter of writing a specification and then shipping material in conformity with that 
specification from whatever distance and at whatever cost is necessary. 
2.11 Simple Field Tests on Soil-Aggregate Mixtures 
Under emergency conditions when laboratory equipment is not available, the suitability of a 
soil-aggregate mixture as a road building material may be approximately determined by a number of 
simple field tests. 14 'rbe procedure involves an examination of the characteristics of a sample of 
well-graded moist material, with particles coarser than about 1/4 inch excluded, when it is 
squeezed in the hand. Satisfactory material will exhibit the following characteristics: 
(1) The material will be extremely gritty. 
(2) It can be formed into definite shapes that retain their forms even when the material 
dries out. 
(3) If only clay adheres to the hands, it will only be enough to stain them slightly. 
(4) If much soil adheres to the hands and stains them appreciably, the adhering soil will 
consist of both sand and clay instead of clay alone. 
(5) When the moist sample is patted in the palm of the hand, it will compact into a dense 
cake that cannot be penetrated readily with the end of a blunt stick the size of a lead 
pencil. 
(6) If the moist sample is compacted into a container and allowed to dry it will show little 
or no shrinkage. 
The grittiness of the sample indicates sufficient granular material. Development of some 
strength on drying indicates sufficient binder soil. Resistance to the penetration of the pencil 
or stick, even when the sample is thoroughly wetted, indicates desirable interlocking of the 
grains and a sufficient amount of capillary force. Too much sand would cause the sample to fall 
apart when dried. Too much clay would have the hand muddy after the moist sample was squeezed, 
would cause the moist sample after being patted to offer little resistance to the penetration of 
the stick, and would cause excessive shrinkage of the sample on drying. 
2.12 Blending of Materials 
It seldom happens that soil-aggregate material from one source meets both the grading and 
plasticity requirements of a selected type of construction. Blending of materials from different 
sources is usually necessary to obtain the desired mixture. There are four conditions which may be 
encountered, although the processes of designing are essentially the same. These conditions are 
(1) adding aggregate to the native soil in place, (2) adding fine ma~erial to native granular ma-
terial that is not sufficiently cohesive, (3) proportioning mixtures of soil and aggregate for 
plant mixing, and (4) adding non-cohesive material of the proper composition to a surface course 
which is to be rebuilt for use as a base. 15 
Assuming the nature and location of suitable materials are known, the problem is then to 
determine the relative proportions in which the materials are to be mixed. The initial considera-
tion of this problem should be the visual inspection of the grading and cohesive properties of the 
materials available. Often the plotting of particle size distribution curves on specification 
limits charts will indicate which materials should be blended or whether or not the specified de-
sign · can be approximated from the materials which are available. Satisfactory blends should be 
made with a minimum numb~r of aaterials. Generally the more the number of materials required for 
the blending operation, the mor.e difficult the control of the uniformity of the mixture. 
The relative proportions of the materials to be blended are commonly determined by trial and 
error methods. Trial combinations of materials are usually made in the laboratory on the basis of 
the mechanical analysis of the materia1s concerned. The proportions of the various materials are 
adjusted until gradation requirements · are met. The plasticity index and liquid limit of the trial 
combination are then determined in the laboratory and compared with the specified limits. If these 
values are satisfactory, the trial m~xture may then be assumed to be satisfactory. If the plasti-
city index or liquid limit of the mixture is not within the specified limits, additional trials 
must be made until a satisfactory mixture is obtained. 
Another commonly used method is to make trial combinations of materials on the basis of their 
plasticity characteristics. In other words, the proportions of the various materials are adjusted 
14 c. A. Bogentogler & E. A. Willis, "Stabilized Soil Roads", Public Roads, XVII, (May,1936), 
60. 
15 Bighway Research Board, Granular Stabilized Roads, Wartime Road Problems No. 5, 
('Washington: Highway Research Board, 1943), p. 13. 
33 
TABLE 2.3 GRADING PROPERTIES OF MATERIALS A AND B AND OF A MIXTURE 
OF THE TWO DESIGNED TO MEET SPECIFIED REQUIREMENTS 
Percentue by Wei~ht Passin~ Sieves 
Sieve Material Material Specification Trial Mixture 
Size A B Limits for (11$ Material A 
Grade 7 Material +89$ Material B) 
I-inch ... . .. 100 100 
3/4-inch ... 100 80-100 100 
1/2-inch ... 80 65-100 82 
No. 4 ... 40 40-60 47 
No. 8 100 20 25-50 29 
No. 40 91 10 15-25 19 
No . 200 70 2 5-10 10 
so that the plasticity index of the mixture may be expected to be within the allowable range. The 
trial mixture is then tested to determine whether the plasticity index, the liquid limit and the 
gradation are satisfactory. If they do not meet with the requirements, it will be necessary to 
try again with new combinations based upon this experience, and to repeat the procedure until a 
mixture in reasonable canpliance with the specifications is found. 
Both of the foregoing methods are used by local highway agencies in Illinois in preparing 
materials for the construction of soil-aggregate roads. Even though they are methods of trial and 
error, they are guided by the results of mechanical analysis or Atterberg limit tests, and the pro-
cedures are not too canplicated. A third method that has been adopted by some local road agencies 
is to combine the materials more or less by personal judgment. An experienced engineer may have 
little difficulty in using this aethod and arriving at a satisfactory COll.bination. However, less 
experienced men will generally find it wiser to employ one or the other of the first two methods. 
2.13 Examples of Blending Two Materials to Obtain Desired Gradation 
The first example deals with the combination of two materials to conform to the requirements 
of Grade 7 material of the Illinois Division of Highways. Table 2.3 lists the grading properties 
of these two materials. Material A is the existing subgrade soil and material B is an aggregate 
material available from a nearby borrow source. The particle size distribution curves of these 
two materials and the grading band for Grade 7 material are plotted and shown in Fig. 2.15. 
A study of these curves indicated that the fraction of Material B retained on No. 4 sieve is within 
the specification limits, but the fractions passing Nos. 8, 16, 40 and 200 sieves are too low. It 
seems possible, however, that the grading of Material B can be improved to meet the grading speci-
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fication by an addition of Material A. The possibility of blending these materials to obtain the 
desired gradation and the proper blend ratio of these two materials can best be determined by a 
graphical method described as follows. 
In this method the first step is to plot the gradation percentages for Materials A and B 
along two ordinates on a sheet of cross-section paper. These ordinates are located 100 spaces 
(100 per cent) apart, as shown in Fig. 2.16. The percentage of Material A or B in a blend is in-
dicated respectvely by the top or bottom abscissa of the graph. Next, the percentage of Materials 
A and B that pass the same sieve are connected by straight lines. The ordinate of any point along 
each sieve line will represent the percentage of a blended material passing that sieve; the pro-
portions of the two materials are indicated by the top and bottom abscissae. Referring to Fig. 
2.16, if a blend is composed of 40 per cent of Material A and 60 per cent of Material B, the 
amount of the mixture passing the No. 200 sieve will be 29 per cent. This percentage is represent-
ed by the ordinate of point (a) in the graph. 
The specification limits of Grade 7 material are shown graphically on the left-hand side in 
Fig. 2.16. Horizontal lines are drawn from the allowable upper and lower percentages passing each 
sieve to intersect with the corresponding sieve line. The points of intersection indicate the 
limiting proportions of Material A or B that may be used to meet the specification requirements. 
For example, the specification allows from 5 to 10 per cent of material passing the No. 200 sieve. 
Draw first a horizontal line at 5 per cent on the vertical scale, then another at 10 per cent. 
These two horizontal lines cut the No. 200 sieve line at two points. One point represents a blend 
of 4.5 per cent of Material A and 95 . 5 per cent of Material B; the other represents a blend of 11 
per cent Material A and 89 per cent of Material B. It may be seen that as far as the requirement 
for the No. 200 sieve size is concerned, any blend in which Material A varies from 4.5 to 11 per 
cent and Material B from 95.5 to 89 per cent will be satisfactory. 
When the extreme proportions of materials for all sieve sizes are determined, the points 
representing these proportions are then connected with dotted lines, and the area confined by the 
dotted lines is cross-hatched as shown in Fig. 2.16. Any vertical line that intersects all sieve 
lines and lies within the cross-hatched area will represent a permissible blend. If no vertical 
lines can possibly be drawn within the cross-hatched area, these two materials cannot be combined 
in any proportion to fall within the specified limits . 
Referring to Fig. 2.16, it may be seen that the drawing of vertical lines within the cross-
hatched area .is limited by two points . One of these points is located on the No. 200 sieve line, 
representing the largest allowable proportion of Material A (11 per cent) or the smallest allowable 
proportion of Material B (89 per cent) . The other point is located on the No. 8 sieve line, rep-
resent ingthe smallest allowable proportion of Material A (6 per cent) or the largest allowable 
proportion of Material B (94 per cent). Therefore, any proportions of materials within the above 
35 
Sieve 
Size 
I-inch 
3/4-inch 
1/2-inch 
No. 4 
No. 8 
No. 40 
No. 200 
TABLE 2.4 COMPUTATIONS OF A TRIAL MIXTURE FROM MATERIALS A AND B 
TO MEET THE SPECIFICATION GRADING REQUIREMENT 
Percentage by Weight Passing Sieves 
Material Material 12% of 88% of Trial Mixture 
A B Material A Material B (12% Material 
+88% Material 
. . . . . . 12 88 100 
. .. 100 12 88 100 
... 80 12 70 82 
... 40 12 35 47 
100 20 12 18 30 
91 10 11 9 20 
70 2 8 2 10 
A 
B) 
limits should be permissible to form a blend that meets the specifications. In Table 2.3 are shown 
the grading properties of a trial blend which is composed of 11 per cent of Material A and 89 per 
cent of Material B. It may be noted that the gradation of the trial mixture is well within the 
specified limits. 
2.14 Alternate Method 
An alternate trial and error method for combining two materials, which can be done readily in 
the field, is presented using the materials described in Table 2.3 and Fig. 2.15 as an example. 
(1) Plot both the upper and lower limits of the gradation specifications of grade 7 material 
which are to be met. (See Fig. 2.15) 
(2) Plot the gradation curves for the materials A and B which will be combined. (See Pig. 
2.15) 
(3) In order to obtain a logical first trial, it is necessary to examine the above curves. 
A study of these curves reveals that the fraction of the Material B retained on No. 4 sieve is 
within the specified limits, but the fractions passing the Nos. 8, 16, 40 and 200 sieves are too 
low. Since the fractions of Material A passing these particular sieves are quite high, it is 
possible that the addition of some amount of Material A to Material B will make the resulting mix-
ture fall within the specified limits. 
It may be noted in Fig. 2.15 that the fractions of Material A passing the Nos. 8, 16, 40 and 
200 sieves are about 68 to 81 per cent or roughly an average of 75 per cent higher than those of 
Material B. Also it can be roughly estimated by examining the curve of Material B and the lower 
limit curve of the required Grade 7 material, that an increase of about 9 per cent in the quantity 
of Material B which passes the above sieves would put the material into the acceptable range. As 
a fair approximation, 9/75 or 12 per cent of Material A will be combined with 88 per cent of 
Material B. The computations are shown in Table 2.4. Note that since 100 per cent of Material A 
passes the No. 8 sieve, 100 per cent also passes all the larger sieves. 
If the above gradation resulting from this trial is plotted it will fall within the specifi-
cation limits of Grade 7 material. If it had not, the percentages of Material A and Material B 
could have been altered slightly and another trial mixture calculated. 
2.15 Example of Blending Three Materials to Qbtain Desired Gradation 
The two methods described above may also be used when more than two materials are to be 
blended. In this connection, the best combinations of two of the materials must first be selected. 
This combination is then considered as a single material and its combination with a third material 
is determined in the same way. 
The proportions of these materials required for a blend, howev.er, can best be determined by 
another graphical method.16 This method is reasonably fast and simple and can be applied to mix-
tures produced by any number of separate materials. 
16 Georg Rothfuchs, "Zeichnerische Ermittelung Der Mengenanteile Verschiedener 
Betonzuschlagstoffe Zur Erzielung Eines Gemenges Mit Bestimmter "Koernungszahl",Die Betonstrasse, 
XIV, (Jan. 1939), 12-14. 
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Sieve 
Size 
I-inch 
3/4-inch 
1/2-inch 
No. 4 
No. 8 
No. 40 
No. 200 
TABLE 2.5 GRADING PROPERTIES OF MATERIALS C, D, E AND A MIXTURE 
OF THE THREE DESIGNED TO MEET SPECIFIED REQUIREMENTS 
Material Material Material Specified Grading for 
c D E Grade 7 Material 
Limits Average 
95 . . . ... 100 100 
70 . . . ... 80-100 90 
45 . . . ... 65-100 82 
11 100 ... 40-60 50 
7 88 . .. 25-50 37 
2 40 . .. 15-25 20 
1 10 100 5-10 8 
Trial Mixture 
(53% C) 
(43% D) 
( 4% E) 
97 
84 
71 
53 
45 
21 
9 
As a numerical example, let it be assumed that three materials, C, D, and E, having the 
gradations shown in Table 2.5 are available within economical hauling distance of a highway project. 
It is required to blend these materials to produce a mixture conforming to the grading requirements 
of Grade 7 material of the Illinois Division of Highways. The particle size distribution curves of 
these three available materials and the grading band of Grade 7 material are plotted and shown in 
Fig. 2.17. 
First, the grading limits of Grade 7 material are averaged. The average of these limits is 
given in Table 2.5 and is assumed as the required size distribution of a satisfactory mixture. 
These average values are plotted on a cross-section paper, using the usual linear ordinates for the 
percentages finer than the various given sieves, and the corresponding sizes of sieves as the 
abscissae. The scale of the abscissa must be so selected that the particle size distribution curve 
of the specified mixture plots as a straight line. This is done by drawing an inclined straight 
line which is represented by the diagonal 00' of a rectangle as shown in Fig. 2.18. The vertical 
ordinates are marked for percentages from 0 to 100 on a linear scale. From the various ordinates 
representing the percentages of the material passing various sieves, horizontal lines are drawn 
intersecting the diagonal at several points. The abscissae of these points of intersection give 
the horizontal scale of sieves, i.e., 100 per cent for 1 inch, 90 per cent for 3/4 inch, 82 per cent 
for 1/2 inch, 50 per cent for No. 4, 37 per cent for No. 8, 20 per cent for No. 40, and 8 per cent 
for No. 200 . 
Second, the grading properties of the materials available for blending are plotted on this 
scale of sieve size in Fig. 2.18 giving the lines abc, def, and og. These grading lines represent-
ing the particle size distribution of separate materials are generally not found straight. 
100 
(!) 
z 
Cl> 
Cl> 
eo~~~~~~~+-~~~~~~~1--~~~-1-_,.L--+~~---1~~~~~~J+-+-~~ 
f eof--~~~~~~-+-~~~~~~~-+~~+--~-t-~~-+~~~le'<'....,_. 
~ 
z 
w 
u 
ffi40~~~~~~~-+-~~~~~~~-¥-~~~-\-,,!t!f.~~~ 
Q. 
ol__~~~___J,==========i::===~I:__~J_~_L~_J___L_J__J___J 
200 40 
SIEVE 
,. 
SIZE 
• 4 iv• Ill 5/4 ,. 
Fig. 2.17 Particle Size Distribution Curves of Materials C, D and E 
and Grading Limits of Specified Material for Road Surf acing 
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Materials to Meet Gradation Requirement 
Third , the nearest straight lines to these grading curves are drawn with the aid of a trans-
parent straightedge. In this connection , a straight line is selected for each curve such that the 
areas enclosed between the straight line and the curve are a minimum and are balanced about the 
straight line . As shown in Fig . 2.18, these are the dotted lines he, kl, and og . 
Fourth, the opposite ends of these straight lines are joined together, giving the chain lines 
gk and lb. The required size distribution line 00' is intersected by these chain lines at the 
points m and n. The differences between the ordinates of these points give the proportions in 
which these three materials should be blended. These proportions are shown on the right hand side 
of Fig. 2 . 18. It may be noted that the gradation is within the specified limits of Grade 7 materi-
al as shown both in Fig. 2.17 and Table 2.5 
• 
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Fig. 2.19 Graphical Method for Proportioning Two Given 
Materials to r.~eet Plasticity Index Requirement 
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2. 16 Example of Blending Mater-
ials to Obtain Desired 
Plasticity Index 
Assume that a rather coarse 
material in place is to be used 
for a surface course. It falls 
c short of the fine soil fraction 
: and hence has a lower plasticity 
• ~ index than the specifications 
~ permit. In order to meet with 
a the specification requirements, 
~ a soil material must be added to 
., the coarse material in place • 
• ~ The approximate amount of the 
: soil needed in the mixture can 
~ be readily determined by a 
~ graphical method which assumes 
a straight line relationship 
between the plasticity index 
and percentage of the soil added. 
To illustrate the use of 
this method, let it be assumed 
that Material A is a locally 
available material having only 
10 per cent passing the No. 40 
sieve with a plasticity index of 
1. It is to be blended with Material B, which completely passes the No. 40 sieve and has a plastic-
ity index of 20, so that the resulting mixture shall have a specified plasticity index of 5. 
As shown in Fig. 2.19, the percentage of Soil Fines A (the portion of Material A passing the 
No. 40 sieve) and Soil Fines B (the portion of Material B passing the No. 40 sieve) are plotted as 
ordinates and the plasticity i ndices as abscissae. Point A represents the plasticity index of 
Material A and point B represents that of Material B. A line connectiong the two points represents 
the plasticity index for any combination of the two soil fines. For a desired plasticity index of 
5, it is only necessary to find the ordinate of the point on line AB corresponding to the plastic-
ity index of 5. This ordinate will give the required percentage of soil fines A and B. In Fig. 
2.19, such ordinate indicates that 21 per cent of Soil Fines B will be requited in a mixture with 
79 per cent of Soil Fines A. In other words 100 pounds of soil fines having a plasticity index of 
5 shall contain 79 pounds of soil fines from Material A and 21 pounds from Material B. Since 10 
per cent of Material A passes the No . 40 sieve, the quantity required to produce 79 pounds of soil 
fines will be 
79 x 100/10 = 790 pounds. 
Since 100 per cent of Material B passes the No. 40 sieve, the quantity required to produce 2 pounds 
of soil fines will be 
21 x 100/100 = 21 pounds. 
Therefore, a canbination composed of 790 pounds of Material A and 21 pounds of Material B should 
have the required plasticity index. These proportions expressed as percentages are as follows: 
Material A : 790 x 100/811 :: 
Material B = 21 x 100/811 = 
97.4$ 
2.6$ 
The above percentages of Materials A and B can also be calculated by using the following formulas: 
where 
x = 
y = 
S2 (P - P2) - s1 (P - P1) 
100 - x 
X : percentage of Material A in the final mixture 
Y = percentage of Material B in the final mixture 
P = required plasticity index of soil fines in the final mixture 
P1 = plasticity index of soil fines in Material A P2 : plasticity index of soil fines in Material B 
s1 : percentage of soil fines in Material A 
s2 = percentage of soil fines in Material B 
Considering the data given in the previous example, where 
p 
= 
5, Pl : 1, P2 = 20, s1 = 10%, and S2 = 100% 
then: x = 
(100) ~ 100) (5-20) 
= 97.4% 100 (5-20) - 10 (5-1) 
y 
= 100 - 97.4 = 2.6$ 
2.17 Use of Admixtures 
There are many areas in which locally available materials fail in one or more respect to 
meet the requirements for satisfactory surface or base materials. In order to take full advantage 
of all sources of local materials, admixtures such as portland cement, lime, and bituminous materi-
als have been used to a limited extent in constructing soil-aggregate roads from materials which 
would have been unsatisfactory without some treatment to improve their properties. 
Both cement and lime have been found to be effective in many instances in reducing the plas-
ticity index of many clay binders and in increasing the strength of a soil-aggregate mixture. They 
are best suited for use , therefore, with clay gravels, disintegrated granite, and similar materials 
which have satisfactory grading properties but with excessive plasticity index. Experiments have 
shown that a small percentag~ _ of cement or lime, as low as 2 or 3 per cent by weight, may be ade-
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quate in achieving this end .17 
Bituminous materials have also been used successfully with soil-aggregate materials. The 
beneficial action of bituminous materials in many cases is one of waterproofing the soil binder. 
Since a soil binder progressively softens and loses cementing power as its moisture content is in-
creased, a water-proofed soil-aggregate mixture resists the entrance of water from rain and other 
sources, and thereby maintains a high uniform bearing capacity at all times . In other cases, 
bituminous material is incorporated into low plasticity or non-plastic soils to act as a binding 
or cementing medium. The bituminous materials used in either case may be tars or asphalts. The 
liquid asphalts, such as cut-backs, road oils, and emulsions, are the types most widely employed . 
The percentage by weight of bituminous material incorporated generally ranges from 3 to 6 per cent:8 
Among the various kinds of admixtures commonly incorporated into soil-aggregate materials, 
perhaps calcium chloride is the one most widely known . Unlike the admixtures described above, 
calcium chloride is generally used with ·soil-aggregate mixtures which have satisfactory grading 
properties and plasticity characteristics. Calcium chloride is a deliquescent and hygroscop i c salt 
which possesses the ability to attract and retain moisture from the air. It is added to a soil-
aggregate mixture to expedite the compaction process by slowing the rate of evaporation of moisture 
from the mixture during construction, and t o aid the retention of moisture by the soil-aggregate 
mixture during its service life . This is especially of value for wearing surface as the presence 
of calcium chloride will aid in maintaining the moisture content desirable for maximum stability, 
preventing raveling of the surface, and reducing dust . Experience has also indicated that calcium 
chloride is effective in some instances in increasing the density of a soil-aggregate mixture for a 
given compactive effort . Since calcium chloride lowers the freezing point of soil water, it may 
also be used to reduce the effects of frost action during the winter and spring seasons . 
Calcium chloride may be either incorporated into a soil-aggregate mixture during the con-
struction process or applied on the finished course by subsequent applications. For road mix con-
struction (Section 4.8), calcium chloride is normally used at the rate of 10 pounds per ton of 
aggregate (12 pounds per cubic yard). This amounts to one-half pound per square yard per inch of 
compacted thickness. For plant mix construction (Sections 4.9 , 4.11), the finished plant-mixed 
material should contain 10 pounds of calcium chloride per ton of mixture. If calcium chloride has 
not been used as an admixture, a surface application of one pound to one and a half pounds per 
square yard should be applied where the course is to serve as a wearing surface. This should be 
followed by one-half pound per square yard applications, as required, to consolidate the material 
and keep down dust. The above quantities are based on regular flake calcium chloride with a mini-
mum calcium chloride content of 77-80 per cent. 19 If other forms or chemical content are used, 20 
quantities should be adjusted to give comparable amounts. 
Common salt or sodium chloride may also be incorporated, much in the same manner as calcium 
chloride, into a soil aggregate mixture. Although sodium chloride has the property of attracting 
water, its primary effect is the retention of the mixing water during and after the compaction 
period. Sodium chloride is normally used with soil-aggregate mixtures at a rate of 10-25 pounds 
per cubic yard. 
17 E. A. Willis, "Experimental Soil-Cement Base Course in South Carolina", Public Roads, 
xxv (1947), 9-19. National Lime Association, Lime Stabilization of Roads, (Washington: National 
Lime Association, 1954), pp. 22-23. 
18 L. D. Hicks, "Soil Stabilization for Highways", Proceedings of the conference on 
Soil Stabilization, (Cambridge: Massachusetts Institute of Technology, 1952), 223-224. 
19 Calcium Chloride Institute, Calcium Chloride for Stabilization of Bases and Wearing 
Courses, (Washington, D. C.: Calcium Chloride Institute, 1953), p.34. 
20 American Society for Testing Materials, 1956 Supplement to Book of ASTM Standards, 
Part 3, (Philadelphia: American Society for Testing Materials, 1956), PP 209-210. 
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III. SUBGRADE SOILS 
3.1 Soils in the Subgrade 
Soil-aggregate roads, like all other types of pavement, depend on the underlying subgrade soil 
for their support. If that support is weak, or if it lacks uniformity, the road surface may fail 
to fulfill its function. Many of the failures to which a road is susceptible may be attributed, 
directly or indirectly, to the subgrade soil on which the road is built. It becomes evident, there-
fore, that the design of a road should begin with the subgrade, and that effective preventive meas-
ures taken in the initial stages of construction will be reflected by ultimate economy in mainten-
ance. 
Soils are formed by the disintegration and decomposition of rocks through the action of tem-
perate changes, water, ice, frost, and plant and animal life. The subgrade soil is the soil 
material either occurring naturally in place or brought from other sources to form the subgrade of 
a road surface. The principal terms commonly used to describe soils are gravel, sand, silt, and 
clay, according to their size or diameter. Several different systems regarding the boundary values 
of the sizes of these soils have been proposed. The system in general usage among highway engineers 
is that proposed by the U. S. Bureau of Public Roads. The size limit of these soils have been 
described in p~evious chapters and are again listed as follows: 
Gravel 
Sand 
Silt 
Clay 
over 2.00 millimeters 
2.00 to 0.05 millimeters 
0.05 to 0.005 millimeters 
below 0.005 millimeters 
Most natural soils are composed of a mixture of two or more of these constituents, and may 
contain some organic matter. Such a mixture is given the name of the main constituent, and the 
other constituents are indicated by adjectives. A silty clay, for instance, has most of the prop-
erties of a clay but contains a significant amount of silt. Likewise, an organic silt is composed 
mainly of silt-sized mineral matter but contains an appreciable amount of organic material. 
Gravels and sands are known as coarse-grained soils, and silts and clays are fine-grained. 
The distinction between coarse-grained and fine-grained soils is based on whether the individual 
soil grains can be identified by the naked eye. If the grains are visible to the naked eye, they 
are identified as coarse-grained soils; grains having sizes greater than 2.00 mm. are classified as 
gravel, and those less than about 2.00 mm. in size are described as sand. If the grains are not 
visible to the naked eye, they are called fine-grained soils . In the laboratory fine-grained soils 
may be separated into silt and clay by a procedure known as the hydrometer tests. The distinction 
between silt and clay in the field is generally based on some simple identification tests which 
will be described later. 
Coarse-grained materials are preferable for most highway purposes. They possess little or .no 
cohesion but have high capacity of supporting wheel loads when confined, and do not shrink or ex-
pand appreciably with changes in moisture content. In addition, cparse-grained materials are 
generally highly permeable so that water drains through them readily and the removal of excess 
moisture is not difficult. 
Silts generally have negligible cohesion. They are readily affected by water and undergo con-
siderable shrinkage and expansion with changes in moisture content. Also silts are likely to be 
highly compressible. 
Clays have the ability to develop cohesion. They generally possess medium to high plasticity, 
have considerable strength when dry, and undergo extreme changes in volume with changes in moisture 
content. They are practically impervious to the flow of water. Soils containing any great amount 
of clays are extremely troublesome and can be used only with difficulty. 
3.2 Field Identification of Soils 
Gravels and sands are visible to the naked eye. Field identification of these soils is not a 
problem. The description of these materials commonly includes a statement regarding the gradation 
and the shape of particles. Fragments of these materials may be identified with the aid of a small 
magnifying glass. 
Silts and clays consist of particles not visible to the naked eye. However, they have a smooth 
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or floury feel when moistened with water. The distinction between silt and clay can be based on 
some simple tests. The tests commonly used for this purpose include dry strength test, shaking 
teRt, and plastic thread test.l 
Dry strength is measured by the effort required to break between the thumb and forefinger a 
piece of air-dried soil about 1/8 inch in size. A clay soil is generally characterized by high dry 
strength and can be broken only with great effort. A silt soil, on the other hand, crushes readily 
and is described as having a low dry strength. 
In the shaking test, a small amount of soil and water is mixed thoroughly to a soft consistency 
in the palm of the hand. The back of the hand is then lightly tapped. If the material is silt, 
free water will rise quickly to the surface giving a shiny appearance; the surface will become dull 
if the soil pat is deformed by squeezing or opening the hand. If the material is clay, it will not 
react to the test. Depending on the relative proportions of silt and clay in a soil mixture, the 
reaction may be described as rapid, sluggish, or nonexistent. 
In the plastic thread test, soil threads are produced by rolling a sample of moist soil on a 
plane surface using the palm of the hand and fingers. If the thread can be rolled to a diameter of 
about 1/8 inch, it is picked up, remolded, and rolled again. This process is repeated until the 
soil begins to crack or crumble . The character and strength of the thread are observed as the 
moisture content is reduced by manipulation. Clays are characterized by a plastic thread which is 
strong when wet and which becomes stiff or tough as it dries. A plastic thread made of silt is 
weak and soft when wet and crumbles easily as it dries. · 
Organic soils are usually recognized by a dark-gray to black color and the typical odor of 
decaying vegetation. They may range from mineral soils with small amount of finely divided organic 
material to highly organic soils consisting predominantly of fibrous particles of vegetable matter. 
3.3 Subgrade Soil Classification Tests 
The simple methods described in the preceding article are useful for identifying the major 
soil components. However, the use of these methods for predicting the behavior of soils is limited 
by difficulties encountered in the determination of the proportions of the soil components and by 
the fact that the behavior of a soil is not determined by the proportions of the components alone. 
For this reason, certain routine soil tests have been employed to serve as a basis for the evalua-
tion of subgrade soils. Based on the results of these tests and their correlation with field ex-
perience, a soil may then be correctly identified and placed into a group of soils all of which 
have similar characteristics and properties. These tests are commonly known as soil classification 
tests. They are performed on the soil in a disturbed condition. 
The principal tests for the classification of subgrade soils are mechanical analysis, and 
plasticity tests including the liquid limit test and the plastic limit test. The mechanical analy-
sis is made using the entire soil saaple.2 The objective of the test is to determine the propor-
tion of particles of various sizes in a given soil. The standard procedure employs a sieve analy-
sis for the soil particles larger than the No. 200 sieve. The procedure is much the same as that 
described in the previous chapter for the determination of the grading properties of aggregates. 
For soil particles smaller than th~ No. 200 sieve the determination is made by means of a hydro-
meter. In this p~ocedure, the size fractions are separated by measuring the settling velocity of 
the particles with a hydrometer when the sample is thoroughly dispersed in a soil-water suspension. 
Since the larger particles settle out of suspension more rapidly than do the smaller particles, the 
ti.me rate of settlement provides a measure of the relative size of the fine soil particles. The 
results of mechanical analysis are presented in the form of a particle size distribution curve, the 
plot of which is described in Section 2.2. 
The plasticity tests include liquid limit test, plastic limit test, and plasticity index cal-
culations. They are performed on the portion of the soil sample passing a No. 40 sieve. The ob-
jective of these tests is to determine the moisture content of the soil when it changes from one 
major physical condition to another. The procedures of these tests are briefly discussed in Sec-
tion 2.5 in connection with the measurement of the degree of cohesion possessed by soil fines. 
3.4 ~. S. Bureau of Public Roads Classification of Highway Subgrade Soils 
The U. s. Bureau of Public Roads system of classifying highway subgrade soils is the most 
1 Arthur Casagrande, "Classification and !dent ificat ion of Soils", Transact ions of the 
American Society of Civil Engineers, CXIII (1948), 922-924. 
2 See Appendix B for detailed procedures. 
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Example: If a soil contains 65 per cent of 
material passing a No. 200 sieve, has a liquid 
limit of 42, and has a plasticity index of 15, 
what is the group index of the soil? 
OR MORE OR LESS 
Enter Chart 1 at 65 per cent passing the No. 200 
sieve. Move upward along this line until it 
intersects a diagonal line corresponding to a 
liquid limit of 42. Read the vertical scale 
along the left-hand side of the chart opposite 
this intersection. This reading is 6.2. Next 
enter Chart 2 at the right-hand ordinate labeled 
"55 or more". Move downward along this line to 
the diagonal line corresponding to the plasticity 
index of 15. Read the vertical scale along the 
right-hand side of the chart opposite this inter-
section. This reading is 2.0. The group index 
is 6.2 + 2.0 • 8.2 or 8. 
PER CENT PASSING N0.200 SIEVE 
CHART I 
GROUP INDEX • SUM OF READINGS ON VERTICAL SCALE 
OF CHARTS I a 2 
Fig. 3.1 Group Index Charts 
widely known and used in highway practice. It was developed by that organization and introduced 
in 1928. Since it was originated, it has undergone many revisions. In 1945 an extensive revision 
was made by a committee of highway engineers for the Highway Research Board. The revised system 
is now in use by the Bureau of Public Roads and by most state highway departments, including the 
Illinois Division of Highways. Being adopted by the American Association of State Highway Officials, 
it is sometimes referred to as the AASHO soil classification system. The principal tests employed 
in this classification system are mechanical analysis and plasticity tests . 
Based on their field performance, subgrade soils are classified by this system in seven 
groups designated as A-1 to A-7, inclusive. Generally speaking, the lower the numerical indicator 
of the group, the better is the soil from an engineering standpoint. Hence, the best soils for road 
subgrades are classified as A-1, the next best A-2, etc., with the poorest soils classified as A-7. 
These seven groups in turn are divided into a total of 12 subgroups. In addition, a group index is 
used to identify more completely any soil containing appreciable amount of fine-grained material. 
The group index is a function of the amount of material passing the No. 200 sieve, the liquid limit, 
and the plasticity index. It can be determined from the charts in Fig. 3.1. The value of the group 
index ranges from 0 for the best subgrades to 20 for the poorest subgrades. Increasing values of 
the group index within each soil group reflect the combined effect of increasing liquid limits and 
plasticity indices and decreasing percentages of coarse material. 
The classification with the limiting test values is shown in Table 3.1. The procedure for 
classifying a soil whose mechanical analysis, liquid limit, and plasticity index are known is as 
follows: Start from the left-hand column of the table and see if these known properties of the 
soil comply with the limiting values specified in the column. If they do not, move to the next 
column to the right; and continue across the table until the proper column is reached. The first 
column in which the soil properties fit the specified limits indicates the group or sub-group to 
which the soil belongs. 
3.5 Description of Bureau of Public Roads Soil Groups 
The subgrade soil ,aterials in Table 3.1 are divided into two major classes; the granular 
materials containing 35 per cent or less material passing the No. 200 sieve, and the silt-clay 
materials containing more than 35 per cent passing the No. 200 sieve. The "granular 1.:.aterials" 
consist of three main groups A-1, A-2, and A-3, and the "silt-clay materials" consist of four main 
groups A-4, A-5, A-6, and A-7. A description of the various groups and subgroups follows: 
Group A-1. The typical material of this group is a well graded mixture of stone fragments or 
gravel, coarse sand, fine sand and a non-plastic or feebly plastic soil binder. However, this 
group includes also stone fragments, gravel, coarse sand, volcanic cinders, etc. 
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TABLE 3.1 BUREAU OF PUBLIC ROADS CLASSIFICATION OF SUBGRADE MATERIALS 
General Granular Materials Si It - Clay Material & 
Classification 35% or le11 pa11ino No. 200 More than 35% passino No. 200 
Group A- I A-2 A-7t 
Clo11ification A-1-a A-1-b 
A-3 
A-2-4 A:2-5 A-2-6 A-2-7 
A-4 A-5 A-6 A-7-5 
A-7-6 
Sieve analysis 
% passino• 
No. 10 50 max 
No. 40 30 max 50max 51 min 
No. 200 15 max 25max IOmax 35max 35max 35max 35max 36 min 36min 36min 36 min 
Chorocteristics of 
fraction pa11ino 
No. 40 • 
Liquid Limit Non- 40 max 41 min 40max 41 min 40 max 41 min 40 max 41 min 
Plasticity Index 6 max plastic IOmax IOmax 11 min II min I Omax IOmax 11 min 11 min 
Group Index* 0 0 0 4 max emax 12 max 16max 20max 
Usual constituent Stone fraoments Fine Silty or clayey oravel and 
materials - oravel and sand sand sand Silty soils Clayey soils 
General ratino as 
1uborade Excellent to oood Fair to poor 
tThe A-7 oroup 11 subdivided into A-7-5 or A-7-6 dependino upon the plastic limit . For plastic limit less than 30, 
the classification is A-7- 61 for plastic limit equal to or oreater than 30, the cla11ification 11 A- 7-5. 
*Group index should be shown in parentheses after oroup 1yn*>I, as A-2-.6 (3) or A-6 ( 12). 
Subgroup A-1-a includes materials consisting predominantly of stone fragments or gravel, 
either with or without a well graded binder of fine material . 
Subgroup A-1-b includes those materials consisting predominantly of coarse sand, either 
with or without a well graded soil binder. 
Group A-3. The typical material of this group is fine beach sand or fine desert blown sand, 
without silty or clay fines or with a very small amount of nonplastic silt. The group includes 
also stream-deposited mixtures of poorly graded fine sand and limited amounts of coarse sand 
and gravel. 
Group A-2. This group includes a wide variety of "granular" materials which are border-line 
cases between materials falling in Groups A-1 and A-3 on one side and silt-clay materials of 
Groups A-4, A-5, A-6 and A-7 on the other. It includes all materials containing 35 per cent or 
less passing No. 200 sieve which cannot be classified as A-1 or A-3, owing to fines content or 
plasticity, or both, in excess of the limitations for those groups. 
Subgroups A-2-4 and A-2-5 include various granular materials containing 35 per cent or less 
passing a No. 200 sieve and with the portion passing a No. 40 sieve having the characteris-
tics of the A-4 and A-5 groups respectively. They include such materials as gravel and 
coarse sand with silt content or plasticity index in excess of the limitations of group A-1, 
and fine sand with non-plastic silt content in excess of the limitations of Group A-3. 
Subgroups A-2-6 and A-2-7 include materials similar to those described under subgroups A-2-4 
and A-2-5, except that the fine portion contains plast.ic clay having the characteristics of 
the A-6 or A-7 group respectively. The approximate combined effects of plasticity indices in 
excess of 10 per cent and percentages passing a No. 200 sieve in excess of 15 are reflected 
by the group index values of from 0 to 4. 
Group A-4. The typical material of this group is a non-plastic or moderately plastic silty 
soil usually having 75 per cent or more passing a No. 200 sieve. The group also includes 
mixtures of fine silty soil and up to 64 per cent of sand and gravel retained on a No. 200 
sieve. The group index values range from 1 to 8, increasing percentage of coarse material 
being reflected by decreasing group index values. 
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Group A-5. The typical material of this group is similar to that described under group ~-4, 
except that it is usually of diatomaceous or micaceous character and may be highly elastic as 
indicated by the high liquid limit. The group index values range from 1 to 12, with increasing 
values indicating the combined effect of increasing liquid limits and decreasing percentage of 
coarse material. 
Group A-6. The typical material of this group is a plastic clay soil usually having 75 per 
cent or more passing a No. 200 sieve. The group includes also mixtures of fine clayey soil 
and up to 64 per cent of sand and gravel retained on a No. 200 sieve. Materials of this group 
usually have a high volume change between wet and dry states. The group index values range 
from 1 to 16, with increasing values · indicating the c<lllbined effect of increasing plasticity 
indices and decreasing percentages of coarse material. 
Group A-7. The typical material of this group is similar to that described under group A-6, 
except that it has the high liquid limits characteristic of the A-5 group and aay be elastic as 
well as subject to high volume change. The range of group index values is from 1 to 20, with 
increasing values reflecting the combined effect of increasing liquid limits and plasticity 
indices and decreasing percentages of coarse material. 
Subgroup A-7-5 includes those materials with moderate plasticity indices in relation to 
liquid limit, which may be highly elastic as well as subject to considerable voluae change. 
Subgroup A-7-6 includes those materials which have high plasticity indices in relation to 
their liquid limits and which are subject to extremely high volume changes. 
3.6 Soil Profile and Pedological Classification of Soils 
Soils are formed over a period of thousands of years by the disintegration and decoaposition 
of rock materials through weathering processes. Wherever soils have been developed, a -succession 
of several distinct layers is found within a few feet of the surface. These layers are called soil 
horizons. A combination of horizons in a vertical croes section composes a soil profile. The depth 
and the extent of development of the soil profile depends on the climate, the presence of organisms 
(especially vegetation), the topography, the character of the parent material, and the length of 
time the processes of weathering have been active. 
There are, generally speaking, three major horizons in a soil profile. The upper layer of the 
profile, which is often designated as the A horizon or surface horizon, is rich in humus and organic 
plant residues. It has usually lost a significant amount of fine-grained mineral matter by leaching. 
The second horizon immediately below the topsoil layer is called B horizon or subsoil horizon. It 
is a zone of concentration where the constituents leached from above have been deposited, and can 
A HORIZON 
B HORIZON 
C HORIZON 
D HORIZON 
Fig. 3.2 
usually be distinguished from the A 
MATERIAL ELUVIATED OR LEACHED horizon by a contrasting difference 
BY WATER ACTION in color. In a normal profile, the 
ZONE OF ILLUVIATION 
LEACHED MATERIAL FROM HORIZON 
A IS DEPOSITED IN THIS HORIZON 
USUALLY SLIGHTLY ALTERED 
· PARENT MATERIAL(RAW MATERIAL 
FROM WHICH UPPER HORIZONS 
DEVELOPED BY WEATHERING I 
Soil Horizons 
B horizon is more plastic than the 
horizons either above or below. The 
relatively unweathered material 
lying below the A and B horizons 
and from which they were derived is 
designated as the C horizon and re-
ferred to as parent material. Some-
times reference is made also to the 
D horizon which is a stratum under-
lying the C horizon. It is differ-
ent from the C horizon or the ma-
terial from which the soil has been 
formed. Fig. 3.2 is a schematic 
diagram of a typical soil profile. 
The profile of a soil results 
from the combined influence of all 
the past events and environment in 
the history of the soil. A study 
of the soil profile may reveal the 
various conditions and environment with which each particular soil type is associated. The science 
devoted to the study of this soil profile may be considered to be a branch of geology but is often 
called pedology. The classification of soils on the basis of the soil profile and the processes in-
volved in creating the profile is known as the pedological classification. 
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According to this system all soils which have similar profiles, except for the texture3 of the 
surface horizon, are grouped together as a soil series. The soil series is a group of soils devel-
oped from the same parent material, having similar soil horizons, and having essentially the same 
characteristics throughout the profile except the texture of A horizon. A soil series is given a 
geographical name attached to the locality where it is first identified. 
Ordinarily the series name is further modified by terms indicating the texture of the surface 
soil. This provides the basis for subdividing the soil series. The subdivision is called a soil 
~ and forms the basic working unit of classification in the pedological system. The name of a 
soil type consists of the name of the series to which it belongs and the textural-class name of the 
surface horizon. Examples are Miami sandy loam and Miami silt loam. Both these soils belong to the 
Miami series, and the only difference between them is in the texture· of the A horizon, one being 
sandy loam and the other a silt loam. 
3.7 Agricultural Soil Maps and Their Engineering Use 
A large portion of the United States has been surveyed and mapped by the pedological system 
for classifying soils from the standpoint of land use. The detailed soil surveys are presented in 
the form of county agricultural soil maps which show the distribution of soil types within the given 
area. In addition, a bulletin is usually published with the map which gives a general discussion of 
the surface geology and climate of the county, history of the settlement of the area, and a detailed 
description of each soil series and type. 
The values of these agricultural soil maps to the 
highway engineer lies in the fact that there exists the 
saae sequence of soil horizons from the surf ace of the 
ground to as far below the surface, as the engineer is 
interested in, throughout the area occupied by a particu-
lar soil type. The properties of each soil horizon are 
substantially the saae at every point throughout the whole 
area or areas occupied by each soil type, but are differ-
ent for different soil types. Because soils belonging to 
the same soil type generally possess similar engineering 
properties and require the same engineering treatment, 
agricultural soil maps provide a key to the nature of the 
subgrade and soil engineering problems to be expected in 
any locality. While the field and laboratory methods used 
in soil investigation are generally time consuming and ex-
pensive, the use of information that has already been com-
piled and is available, such as the agricultural soil maps, 
can supplement the engineer's present methods, while re-
ducing expenditure of effort. For the above reasons, high-
way engineers are strongly advised to acquaint themselves 
with the pedological classification of soils and to make 
good use of the information available from agricultural 
soil aaps. 
County agricultural soil maps in Illinois have been 
published for 73 of the 102 counties. These maps can be 
obtained frOlll the Agricultural Experiment Station of the 
University of Illinois. 
3.8 Soil Surveys for Highway Purposes 
In areas not covered by agricultural soil maps, soil 
surveys must be made to obtain necessary information con-
cerning the kinds, location, and extent of soils which will 
be encountered in a highway project. Even in regions where 
agricultural soil maps are available to identify the domin-
ant soil types, soil surveys are frequently required to 
secure greater soil details. This is especially true in 
areas where different soil types may be encountered too 
SCREW AUGER POST-HOLE AUGER 
Fig. 3.3 Hand Operated Soil Augers 
3Texture is a term indicating the coarseness or fineness of a soil. The texture of soils 
for pedological classification is determined by a triangular chart based on the results of mechan-
ical analysis. (See Append ix C) . 
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small to be indicated on the scale of the county maps. Highway soil surveys are usually performed 
by means of auger borings. Major procedures generally include the determination of the general 
nature and extent (both horizontally and vertically) of soil horizons, the location of the water 
table, and the selection of representative soil saaples for classification purposes. They may be 
conducted in connection with the location of a road, the deteraination of the need for subgrade 
treataent and type of treataent required, or the location of local sources of construction aaterial:,s 
for soil-aggregate roads. 
Soil augers required for this type of survey aU&t be capable of securing disturbed soil saaples 
fr<m It-inch to 4-inch in diaaeter to a depth of 3 feet or aore. They aay be screw type augers or 
pcjst hole augers. (Fig. 3.3) · The spacing of auger borings should vary with the uniforaity of the 
soil profile. There is no definite rule to follow except that borings should be at frequent inter-
vals to fix the boundaries of each significant soil type. A convenient interval such as 100 feet 
aay be assuaed at the beginning if preliainary inforaation is not available. If the soil profile is 
unifora the interval aay be increased. When the character of the soil profile changes, interaediate 
borings should be aade until it is clear that all variations have been aapped. Test holes always 
should extend • significant distance below the ground surface. In general all borings should be 
carried to a depth of at least 3 feet below the proposed subgrade. Deeper holes aay be appropriat,.e 
to locate bedrock, peat or auck deposits, or groundwater conditions that would influence design and 
construction procedures. 
A cmplete and systematic record should be kept of the various kinds of soils encountered frm 
the surface to the bottm of the hole and the depth of each layer aust 1>e noted. Bach soil encount-
ered should be carefully described and a representative saaple be secured frm each layer or horizon. 
The location of the boring, the nature of the ground, the origin of the parent aaterial, the land-
fora, and the agricultural soil naae, if known, should be recorded. The depth of free water table 
and of bedrock. should be included in the record when they are encountered. 
The saaples secured aust be suitably labeled and forwarded to t~e testing laboratory for fur-
ther identification and classification. On the basis of the field boring record and the laboratory 
test results, a subgrade profile sheet may be prepared. (Fig. 3.4) The profile sheet is of great 
value both to the designer and the road builder. It discloses the water-carrying layers in the 
field and furnishes a basis for the design of drains. It offers a means for the study of the design 
and construction of fills and cut slopes in different soil types. It indicates whether soils to be 
excavated will be suitable for use as aaterials for soil-aggregate road construction. In addition, 
the profile aay show the existence of highly organic soils, such as peat and muck, which must be 
specially handled or reaoved; and the presence of certain rock layers which •ay require special 
construction aethods. 
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3.9 Soil Deposits in Illinois 
Soils in Illinois are developed from three extensive groups of parent material, namely , glacial 
drift, loess, and stream alluvium. A fourth material, which is of much less importance because of 
limited extent, is bedrock in regions where the overlying loess or drift is very thin or entirely 
absent. 
Glacial drift is the material that was picked up and carried by the continental ice sheets, 
which covered most of the State of Illinois during the Ice Age, and was dropped when the ice sheets 
melted away. The material deposited directly out of the ice is called till. It consists of a 
heterogeneous mixture of particles ranging in the size from boulders to clay. ·The part of the ma-
terial that was washed out and deposited by the water resulting from the melting ice is known as 
outwash. Outwash deposits are markedly stratified and cross-bedded. Variations in particle size 
are sharp and numerous both horizontally and vertically. 
One of the most notable of glacial deposits is the long ridge which stands up above the gently 
rolling plains and is known as moraine. Moraines were deposited when the front of the ice was held 
nearly stationary as melting balanced the forward movement. Many moraines are scattered through the 
glacial drifted area in northeastern Illinois. They are usually composed predominantly of till, but 
contain pockets and lenses of water-sorted gravels, sands and silts. The level or gently undulating 
land surfaces spread out behind the moraines are called till plains. They cover most of the State 
of Illinois and are for the most part constructed of till material. Another important glacial de-
posit in Illinois is the lake bed deposit, which is found in the Chicago area and the Kankakee area. 
These areas were formerly glacial lake beds in which glacial lake deposits were laid down. Typical 
deposits of this kind are composed primarily of silt and clay 
size materials, us11ally of a highly plastic nature. 
Glacial deposits in Illinois are of various ages. 
Those deposited in northeastern Illinois vary in age from 
15,000 to 50,000 years, and those deposited in western 
and southern Illinois are estimated to be about 330,000 
years old. Marked difference has been found between 
the soil profiles developed on these young and old 
glacial deposits. For the soil profile developed on 
the young moraines or till plains, the A horizon 
varies from slight to moderately high plasticity, 
and the B horizon is moderately to highly plastic. 
The C horizon varies as the nature of the deposit, 
from slightly plastic gravel to highly plastic 
silty clay. On the old moraines or till plains 
the A horizon is usually slightly plastic and 
the B horizon is highly plastic. Even the C 
horizon may be highly plastic and only moder-
ately permeable. Soil profile development on 
lake bed deposits has been impeded because 
of the impermeable characteristics of such 
material. The A and B horizons as well as 
the underlying substrata are usually 
highly plastic . 
Loess is a deposit of wind-blown· 
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GLACIAL DRIFT 
(covered with loel•~~•-<~ 
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thickness l 
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f silt and covers nearly all the western half of Illinois. As the glacial material dried, the finer sizes were 
picked up by the wind and carried 
over the adjacent regions where it 
settled down as loess. The depth of 
the deposit·varies with the distance 
from the source. In general, it de-
creases from the western to the 
eastern part of the state. The 
presence of this deposit has markedly 
changed the soil condition in western 
Illinois. Wher.ever the loess is thick 
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the influence of the highly weathered 
glacial drift profile has been com-
pletely masked. The soil profile de-
veloped on the loess has an A horizon 
§ ALLUVIATED VALLEYS 
• ALLUVIATED LAKE BEDS 
Fig. 3.5 Soil 
Deposits in Illinois 
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of moderate plasticity underlain by a B horizon of moderate to high plasticity. The C horizon is a 
silty material which is ordinarily moderately permeable and from slightly to moderately plast,ic. 
Wherever the loess deposit is thinner than 4 feet, the character of the underlying deposit becomes 
more important in determining the soil profile characteristics. Where the thin loess is underlain 
by young till, the soil profile is similar to that developed on young till alone. On the other hand, 
where the thin loess i s underlain by old till, the loess appears to have become a part of the silty, 
plastic A horizon covering the clayey , plastic B horizon.4 
Stream alluvi11m or alluvial material is the material of varying sizes carried by streams and 
deposited along the stream courses. Since most of the river and stream valleys in Illinois func-
tioned at one time or other as drainage-ways for the melt-water flowing from the glaciers, they 
usually contain deposits of outwash material. Some of the outwash materials have been exposed as 
terraces along sides of the valleys. These valley terraces and outwash deposits constitute one of 
the major sources of granular material in Illinois and a large percentage of the gravel pits . in the 
state are located in such deposits. The soil profile formed on stream alluvium usually consists of 
an A horizon of slight to moderate plasticity underlain by a moderately or highly plastic B horizon . 
The characteristics of the C horizon may vary to some extent but at depths of 4 feet or more highly 
permeable and nearly non-plastic sands and gravels will normally be encountered.5 
In Fig. 3.5 are shown the various types of soil deposits in Illinois. It is a contraction of 
a map of surface deposits which has been prepared as part of the Cooperative Investigation "Soil 
Exploration and Mapping", Project IBR-12 of the Illinois Cooperative Highway Research Program. The 
original map can be obtained from the Engineering Experiment Station of the University of Illinois. 
It may be used in conjunction with the county agricultural soil maps. In addition, it serves to 
provide some general information regarding soil conditions in areas where agricultural soil maps 
are not available. 
3.10 Supporting Power of Subgrade Soils 
The supporting power of a subgrade soil may be defined as its capacity of carrying loads with-
out failure. It is one of the most important factors that should be carefully taken into considera-
tion in deciding upon the structure, and especially the thickness, of a soil-aggregate road. At 
one time little or no account was taken of the supporting power of the subgrade, and the same con-
struction was often placed on subgrades of varying degrees of supporting power. This practice has 
since been changed, and various kinds of construction are generally allowed for subgrades of differ-
ent bearing capacity. It has been shown that inadequate thickness of road surfaces on weak sub-
grades results in costly road failures, and unnecessarily thick road structures on highly stable 
soils are consequently uneconomical. 
In discussing supporting power, it is convenient to consider separately two extremely different 
types of soils, a sand and a clay , as the supporting power in each case is dependent on distinctly 
different physical properties. In a sand soil the supporting power is derived from mechanical 
arrangement, leading to interlocking of the solid particles and mutual support of adjacent particles 
in the mass. This source of soil resistance is commonly known as internal friction. The quantita-
tive measure of the advantage supplied by mechanical arrangement and interlocking of particles is 
the angle of internal friction. The angle in a given sand is dependent primarily upon its density, 
gradation , and the angularity of its particles. A dense, well graded mixture with angular grains 
has a larger angle of internal friction, thus possesses higher internal friction than a loose, poor-
ly graded ·mixture with round grains. Since the ability of a sand mass to carry a vertical load de-
pends directly upon the lateral support available in the mass, internal friction varies with the 
amount of outside pressure exerted on the mass. It is only available when the sand is in a con-
fined state. 
In a clay mass the ability to carry some load is independent of supporting lateral pressure 
which may or may not be available in the soil mass. Supporting power is derived from cohesion which 
may be defined as the property that produces resistance to displacement by mutual attraction between 
particles of the mass, involving forces of electro-chemical origin. Cohesion is largely dependent 
upon the kind and relative amount of clay minerals present, and the moisture content. It is a 
measure of the stickyness of soil particles. 
For the large majority of subgrade soils, as normally found in the field, supporting power is 
made up of both internal friction and cohesion . The internal friction is furnished by granular 
4 Thomas H. Thornburn , Surface Deposits of Illinois, March, 1955 (unpublished report of 
Project IHR-12, Soil Exploration and Mapping, Illinois Cooperative Highway Research Program, March 
1955), p.8. 
5 Ibid, p.13. 
49 
APPLIED LOAD 
PENETRATION PISTON 
(END AREA 3 SQ. IN.) CAUSED 
TO PENETRATE 0 .05 IN. PER 
MINUTE 
SURCHARGE WEIGHT EQUIVALENT 
WEIGHT OF ROAD CONSTRUCTION 
ABOVE SUBGRADE 
CBR • TEST UNIT LOAD 
STANDARD UNIT LOAD x 100 
NOTE TEST MAY BE PERFORMED ON LABORATORY-COMPACTED 
SPECIMEN, UNDISTURBED SAMPLE, OR IN PLACE IN THE 
Fl ELD. 
Fig. 3.6 Schematic Illustration of 
California Bearing Ratio Test 
BUREAU OF PUBLIC ROADS SOIL CLASSIFICATION 
I I 
I I I I A-1-o 
A-1-b 
I A-2-4' A-2-5 
A-2- 6 A- 2-7 
A - 3 
A-4 
A-5 a 
A-6 I 
A-7-5 A-7-6 I 
BEARING VALUE IN POUNDS PER SQUARE INCH 
I I ( 30 INCH DIAM. PLATE' o. i" DEFLECTION)! I 111 I I I I I I I 
10 20 30 40 60 60 110 
CiLI ~rir . BErY TTll 
12 5 I 78910 15 20 2'5 I 40 60 JO I) 
30 50 70 ., 
0 
Fig. 3.7 Approximate Interrelationship 
of Soil Classification and Bearing Values 
fraction of soil such as sand and gravel . The cohesion is f11rnished by fine-grained fractions such 
as silt and clay. The total supporting power is a combination of the effects of these two sources 
of soil strength. If the values of angle of internal friction, confining pressure, and cohesion 
are known, the supporting power of soil foundations can be computed. Formulae for this purpose have 
been presented in text books of soil mechanics, and no explanation will be attempted here. Numerous 
methods have been used for measuring the supporting power of a subgrade by the direct application of 
loads to its surface. One of the most commonly known is the California bearing ratio test, usually 
abbreviated to C. B. R. test. In this test a standard sized piston is forced into the subgrade at a 
specified rate and values of load corresponding to various deflections are noted. (Fig. 3.6) A plot 
is made of the relationship between the load and deflection. The values of the unit load corres-
ponding to O.land0.2 inch penetration are determined from the plot. C. B. R. values are obtained 
by dividing the loads, in pounds per square inch, at 0.1 and 0.2 inch penetration by the standard 
loads of 1000 and 1500 pounds per square inch, respectively. The standard loads are the unit loads 
required to effect the stated penetrations into a standard sample of crushed rock. Each ratio is 
multiplied to 100 to obtain the C. B. R. in per cent. This method is generally used in conjunction 
with empirical curves for designing flexible pavements. 
In Fig. 3.7 are shown general limits of bearing values of various soil groups, according to the 
Bureau of Public Roads classification system. Even though a wide range in bearing values is possible 
in the various soil groups, it is possible to estimate the bearing value of a specific type of sub-
grade soil after consideration is given to drainage, rainfall and other factors that influence sub-
grade performance. 
3.11 Effects of Moisture on the Performance of Subgrade Soils 
All soils in the natural state contain varying amounts of water. The weight of water contain-
ed in a given soil mass compared with the oven-<k"y weight of the soil, expressed as a percentage, is 
known as the moisture content of the soil. The behavior of a subgrade soil is much influenced by 
its moisture content. The control of the moisture content of the subgrade is an essential feature 
of a good road. 
The effect of moisture on subgrade soils varies, in general, with the coarseness or fineness of 
a soil. Coarse-grained materials alone, such as sand and gravel, are relatively free from the in-
fluence of water as far as supporting power is concerned . These soils are quite permeable so that 
water drains through them readily and the removal of excess moisture is not difficult. Fine-
grained soils such as silt and clay, on the other hand, are relatively impermeable and do not let 
the water drain through them easily, and are highly susceptible to changes in supporting power with 
the change in moi~ture content. These soils owe their strength to cohesion which is well preserved 
only at low moisture contents. As the mo~sture content increases, the moisture films that surround 
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the individual particles will be 
thickened and cohesion will de-
crease. The increase in moisture 
will also be accompanied by an ex-
pansion of the soil. In a subgrade 
soil composed of both fine-grained 
and coarse-grained materials, the 
swelling of the fine-grained frac-
tion may expand the whole soil mass 
making it loose and thus decreasing 
the mechanical contact between soil 
particles. Thus the interlocking of 
granular particles and the mutual 
support so important to the internal 
friction is readily eliminated. 
Since both cohesion and internal 
friction may be affected by variations 
in moisture content, subgrade soils that 
have ample supporting power under one set 
~ ~ of moisture conditions may be entirely un-~ ~~~~~~ satisfactory if the moisture content changes. 
~ For example, a dry clay soil may be almost as 
hard as a brick and have very high supporting 
Fig. 3.8 Means for Removing Surface Water power; yet after a rain it may become soft and 
slippery and have very low supporting power. For 
this reason, the probable maximum moisture content of 
the subgrade soil in service is of primary importance in determining the supporting power of a sub-
grade and in designing a soil-aggregate road that rests on the subgrade. On the other hand, it is 
always highly desirable to take effective measures to keep the subgrade soil from the detrimental 
actions of water, since its supporting power can be maintained or improved by simply maintaining it 
in a relatively dry state. This is generally done by providing surface drainage and subdrainage. 
3.12 Surface Drainage and Subdrainage 
Water reaches a roadway principally by the precipitation of rain and snow on the road area, by 
surface flow from adjacent lands, by floods in streams, and by percolation through the soil. The 
water which runs off over the surface of the ground is known as surface water; that which percolates 
through the soil is known as ground water. Measures taken to control or to remove the flow of sur-
face water are generally termed surface drainage, while those dealing with ground water in its 
various forms are called subsurface drainage, or, more simply, subdrainage. 
Surface drainage is accomplished on soil-aggregate roads by means of crowned road surfaces, 
shoulder slopes, side slopes, and ditches. (Fig. 3.8) The design of these features is described in 
Appendix A. In level country surface water may not be easily removed from the road by the above 
drainage measures. Placing the road on a fill is at times the best method of overcoming bad drain-
age conditions. When watercourses intersect the roadway, bridges or culverts must be used to carry 
them beneath the road. 
Subdrainage is generally required where the ground water is found less than two feet below the 
subgrade elevation. Ground water occurs in two forms: (1) free water or which flows through the 
soil due to the force of gravity, and (2) capillary water or that held in the pores of soils by 
capillarity. In digging a hole with a soil auger, water may rise in the test hole. 6 The level 
assumed by the water is known as groundwater level or water table. Below the level of the water 
table, the soil pores are completely filled with free water, and the soil is staurated. Above the 
water table, the presence of any moisture is due to capillarity action, and the moisture is called 
capillary water. The amount of water held in a soil by capillarity depends upon the climatic condi-
tion, the grain size of the soil, and the distance to the water table. 
It is important to remember that only the free water can be drained. Drains placed at any 
6 It should be realized that it takes time for the water to accumulate in the hole. The 
amount of time depends upon the rate of flow of ground water from the adjacent soil. Water in a 
pe rvious soil will rise to the water table within a very short time; that in a relatively imper-
vi ous s oil may take considerable time to rise to the true water table elevation. A good rule to 
f ollow, in measuring the water table in an impervious soil, is to allow the test hole to stand for 
about 24 hours after the hole has been dug. 
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elevation above the water table cannot remove any water 
because capillary water is not susceptible to this type 
of drainage. In order to remove water from a soil, 
drains must be placed below the level of the water ta-
ble. The capillary moisture content of a subgrade 
soil, however, can be reduced by (1) lowering the wa-
ter table thus reducing the moisture content at any 
point above the original level of the water table, or 
(2) raising the grade line of the subgrade by the con-
struct ion of an embankment. The second method is 
generally to be preferred . There is always the danger 
of any subsoil drainage system being inadequate, or 
becoming partly or completely inoperative with time or 
at certain seasons of the year, due to freezing, silt-
ing, and other causes. Raising the grade line is 
therefore a more positive treatment. Apart from the 
desirable drainage features, the higher grade line re-
sulting from additional embankment assists in keeping 
highways clear of snow. 
A highway subdrain generally consists of a circu-
lar pipe laid at a suitable depth in a trench, which 
is then backfilled with porous, granular material. 
Pipes may be of vitrified clay, porous concrete, or 
perforated corrugated metal. The material which is 
EARTH OR OTHER IMPERVIOUS MATERIAL 
Fig. 3.9 
12" 
Typical Construction of a 
Subdrain 
used to backfill the trench is generally known as a filter and must be very carefully selected. It 
must be coarse enough to allow the easy passage of water, and fine enough to prevent the intrusion 
of fine soils into the pipe.7 In Fig. 3.9 is shown a typical subdrain. The first step in the de-
sign of a subdrainage system is to carry out a survey of the soil and moisture condtions in the 
subgrade. Necessary information should include (1) soil profile, (2) position of the water table, 
and (3) position of seepage zones if they are found to exist. The most appropriate time of the year 
for carrying out the survey in Illinois is generally in February or March when the water table is 
usually at its highest level and the subsoil is the wettest. 
As previously mentioned, the installation of subdrains must be made only in locations where 
free soil water can be intercepted or collected. In Figs. 3.10 and 3.11, two elementary examples 
are given of the correct installation of subdrains for the purpose of eliminating the damage to a 
roadway caused by moisture conditions rather frequently encountered. In Fig. 3.10 an underdrain is 
shown to intercept the seepage water in an effort to prevent the oozing of mud down the slope, where 
it may fill the ditch and move out onto the roadway. In Fig. 3.11 an underdrain is placed as shown 
to intercept water in the seepage zone which had been flowing under the subgrade and causing damage 
to the road surface. In the latter case, the underdrain must be substantially deep in order that 
water tables may be adequately lowered below the grade line. A depth of 4 or 5 feet is generally 
satisfactory. Extreme caution should be exercised when installing subdrains to lower the water ta-
ble since private wells in the area may be. drained dry. Such an occurence would most likely result 
in damage suits. 
7 The particle-size requirements for 
satisfactory function of subdrains are as 
filter material which have been developed to insure 
follows: 
(a) Well-graded soils. 
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15 ~er cent size of the filter material 
85 per cent size of the protected ~oil must be less than 4 
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(c) Relationship between size of filter material and size of perforations in pipe. 
85 per cent size of the filter material 
size of pipe perforations must be greater than 2 
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Fig. 3.10 Subdrainage for Eliminating 
Damage due to Seepage Zone 
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Fig . 3.11 Lowering Subgrade Water Table 
by Subdrainage 
~1251-----4----+----+----+--------1 
... 
u 
m 
:;) 
u 
~120f------+--.,_-+­
... 
n. 
(/') 
m 
...J 
~ 11 5 
c;; 
z 
~ 
>-
:!ii 1101------+-----+-
1058 10 12 14 16 
WATER CONTENT, "4 ORY WEIGHT 
Fig. 3.12 Typical Moisture Density 
Relationship Curve 
18 
3.13 Ef fe cts of Density on the Performance of 
Subgr ade Soils 
The density of a soil is its weight per unit 
volume, and is usually expressed in pounds per cubic 
foot . In t e rms of physical composition, a soil is 
made up of mineral particles and void space filled 
with water and air . The weight of the dry mineral 
particles in a unit volume of soil is called the 
dry density; and the weight of the dry mineral 
particles plus the moisture contained in the void 
space in a unit volume of soil is called the wet 
density. Soil density is dependent primarily upon 
the relative volume of the solid particles and void 
spaces, the specific gravity of the solids, and, in 
the case of wet density, upon the amount of water 
in the soil. 
The performance of a subgrade soil is highly 
affected by its density. For a given soil, the 
denser the soil is, the less the total voids will 
be, with a resulting increase in the number of 
points of contact between particles. When a load 
is applied to very loose subgrade &oil, it will 
be displaced readily because there are excessive 
voids between particles. As the soil becomes 
denser, the space between particles becomes smaller 
and the number of points of contact becomes greater, 
with more effective interlocking. The movement of 
the particles is correspondingly more difficult, 
and the bearing power of the soil is thus increased. 
The reduction in voids also reduces permeability of 
the soil, consequently restricting percolation of 
water through the soil. It may also restrict capil-
lary movements, making the soil less susceptible to 
increase in moisture by absorption, and thus re-
stricts changes in bearing capacity. 
For the advantages mentioned above, it is now 
generally recognized that a high density is essen-
tial for a subgrade soil to satisfactorily fulfill 
its function. Efforts of engineers are often di-
rected toward improving the density characteristics 
of subgrade materials in order to increase the 
strength of the soil in bearing and to decrease its 
permeability and compressibility . The process of 
bringing soils to a dense state by some mechanical 
means is called compaction. There is no other 
single treatment which can be applied to natural 
soils which produces so marked a change in their 
physical properties at so low a cost as does com-
paction , when it is controlled to meet the desired 
needs . 
3.14 Factors Influencing Compaction of Soils 
There are several factors which influence the 
compaction of soils. The most important of these 
are: (1) the moisture content of the soil; (2) the 
nature of the soil, that is , the grain size distri-
bution and its physical properties; and (3) the 
characteristics of the compacting method and equip-
ment. 
Nearly all soils exhibit a similar relation-
ship between moisture content and dry density when 
subjected to a given amount of compaction . A typi-
cal example of this relationship is shown in Fig. 
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3.12. The highest point on the curve indicates the maximum dry density for the compactive effort 
used. The moisture content corresponding to this maximum de nsity is called the optimum moisture 
content. At this moisture content the soil has become sufficiently workable to cause the soil par-
ticles to become closely packed. For most soils (except cohesionless sands) when the moisture con-
tent is less than optimum the soil is more difficult to work, and thus to compact. Beyond optimum, 
most soils become more workable, but are not as dense under a given compactive effort because the 
water prevents a closer packing of soil particles. The moisture-density relationship shown in Fig. 
3.12, therefore , is indicative of the relative workability of the soil at various moisture condi-
tions under the compactive effort used. 
For each soil there is but one optimum moisture content at which the maximum density is produc-
ed by a specific amount of compaction. If the compactive effort is increased, the maximum density 
is increased and the optimum moisture content is decreased. If the same soil is compacted under 
several different efforts, it is possible to develop a relationship between density and compactive 
effort for that soil. This information is of much value to the engineer in compaction control. In 
the field the compactive effort is proportional to the product of the weight of the roller, and the 
number of passes for the width and depth of the area of soil which is being rolled. Increasing the 
weight of the roller or the number of passes increases the compactive effort. A knowledge of the 
relationship between density and compactive effort for a given soil is thus helpful in adjusting 
the compactive effort to meet the density requirements. 
The maximum dry density that can be obtained with any soil under a given compactive effort de-
pends upon the nature of the soil. For identical compaction procedures, the dry maximum density 
may vary from 90 pounds per cubic foot for a heavy clay to 135 pounds or more per cubic foot for a 
well-graded gravel. Different soils also react somewhat differently to compaction at moisture con-
tents which are somewhat less than optimum. Generally speaking, moisture content is less critical 
for the heavy clays than for the slightly plastic sandy and silty soils. Heavy clays may be com-
pacted through a relatively wide range of moisture contents below optimum with comparatively small 
changes in dry density. On the other hand, the coarse-grained soils which have better grading and 
higher densities under the same compactive effort produce sizable changes in dry density with slight 
changes in moisture content. The relatively clean, poorly graded, non-plastic sands also are re-
latively insensitive to changes in moisture. 
Soil compaction in the field is commonly done by sheepsfoot rollers, pneumatic tired rollers, 
and smooth, 3-wheel type rollers or any of the newer innovations of these basic types. Vibrating 
type compactors are also used to some degree when soil conditions are suitable. A soil which re-
sponds well to one type of compaction may respond poorly to the other. Proper selection of com-
pacting method and equipment, therefore, becomes of particular importance to efficient soil com-
paction. Further discussion on the subject will be presented later in Chapter IV. 
3.15 Laboratory Compaction Test 
To determine the moisture-density relationship of a soil, compaction test is usually performed 
in the laboratory under what has come to be called the standard AASHO compaction method. 
The standard method of test for compaction, AASHO Designation T 99-57, consists of four methods 
of procedure. Method A is similar to the test procedure developed by R. R. Proctor to approximate 
the density obtained in construction with the conventional rolling equipment of the 1930's. The 
Methods B, C, and D consist of variations in maximum size of aggregate material and compactive 
effort. In Method A, the soil is placed in a mold four inches in diameter which has a volume of 
1/30 cubic foot. 8 The soil is placed in three layers of about equal thickness, and each layer is 
subjected to 25 blows from a hammer weighing 5.5 pounds and having a striking face two inches in 
diameter, falling through a distance of 12 inches. After compaction, the soil is struck off level 
with the top of the mold, and the weight of the soil in the mold is determined. A sample is select-
ed from the interior of the compacted soil mass for a moisture content determination. From the 
weight and volume of the soil in the mold and the known moisture content, the dry density of the 
soil is computed. 
The values of dry density are determined for a series of samples of the soil, each of which 
has a different water content. The test is started with the soil in a fairly dry state. In succes-
sive determinations water is added to the soil until the weight of the moist soil that can be packed 
into the mold has reached a maximum and starts to decrease. After the moisture content and dry 
density determinations are completed, the results of the test are plotted as a moisture-density 
curve, and the maximum dry density and optimum moisture content are observed. 
The amount of compaction thus applied was established by Proctor as the amount which would 
Bsee Appendix B for detailed procedures. 
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give a maximum density in the laboratory comparable with the highest dry density that <X>uld be 
achieved economically in the field by means of rolling equipment available in 1934. Since that time, 
heavier machinery has been developed for soil compaction. To approximate the present field compac-
tion conditions, various changes have been suggested in the details of the compaction test. The 
AASHO adopted in 1957 a· new standard method of compaction of soils, designation T 180-57. The 
procedure also consists of four methods employing the same molds but greater compactive effort 
than the AASHO T 99-57. Method A of this new standard procedure is similar to a procedure formerly 
known as modified AASHO compaction test. While the AASHO designation T 180-57 compaction test is 
more often used in airfield construction, the AASHO designation T 99-57, Method A, is still widely 
used among highway engineers. 
The degree of compaction of the soil in the field may be checked by measuring the weight of a 
sample of the soil, the volume occupied by the sample, and the moisture content of the sample. 9 
From these data the dry density in the field can be computed. The ratio between this value and the 
maximum dry density obtained from laboratory compact ion test, expressed as a percentage, is defined 
as the per cent compaction. Specification for subgrade soil compaction usually require 90 to 100 
per cent compaction. Obviously a field density equal to the laboratory maximum dry density gives 
100 per cent compaction. 
3.16 Frost Action in Soils 
Frost action is a general term used in reference to freezing and thawing of water in soil 
materials. There are two principal effects associated with frost action, both of which can be very 
detrimental from the view point of a highway engineer. One of these effects is frost heave or the 
raising of the road surface due to the growth of ice lenses in the upper soil layers. It usually 
presents a rough riding road surface. The other effect is the reduction of subgrade support which 
accompanies thawing of the soil at the end of winter or in early spring as a result of an accumula-
tion of excessive amount of water, from either surface or subsurface, or a change in structure of 
soil due to the freezing action. The second effect is commonly known as spring breakup. 
The basic cause of frost heave is the formation of ice layers or lenses in the subgrade. When 
the air temperature drops below freezing temperature and remains there for some length of time, the 
temperature in the upper soil layers drops down. The plane or line above which the soil tempera-
ture is equal to or below the freezing temperature is called the frost line. Since the soil tem-
perature above the frost line is equal to or below freezing, the water in the larger voids of the 
soil would freeze and form ice crystals. These ice crystals tend to attract more water to their 
surfaces, even the capillary water from the unfrozen soil beneath the frost line. The unfrozen 
water upon contact with the ice crystals freezes, causing the ice crystals to increase in their 
size and thickness, and accumulates to form a layer of ice. If the frost line continues to pene-
9 See Append ix B for detailed procedures. 
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trate into the soil, anothe r ice layer may grow below the first one in a similar manner . 
ess may go on continuously as l ong as the fros t line continues to penetrate further into 
The proc-
the soil. 
The sum of the thickness of all the ice layers is approximately the amount by which the surface 
heaves. (Fig. 3.13) 
It may be noted that t he r e are three basic cond itions that must exist in order for ice lenses 
to grow. These are (1) freezing temperature in the soil, (2) a supply of water available, and (3) 
soil material capable of transmitting a great amount of water in a short period of time by means of 
capillary action such as silts and very f i ne sands. Since it is impossible to prevent the first of 
the basic cond itions, preventive measures that may be applied to combat the frost heave problem are 
generally bas ed upon e liminat i ng or cont r ol l i ng the second and th i rd conditions. 
Among the various preventive me asures probabl y t he most common one is to r emove frost-suscep-
tible s oils such as silts and very fine sands t o the depth of f r ost pe netration and r eplace them 
wit h c l e an granular soils. The width of excavation varies depending upon the size of the deposit 
of undesirable material. Where the undesirable soil ext e nds entirely across the roadway, the exca-
vation must be made sufficiently wider than the road surface. In locations where seepage or high 
wat e r table exists, frost heaves can be eliminated by proper drainage to intercept the seepage flow 
or to lower the water table sufficiently below the subgrade to r educe extensive capillary action. 
Raising the grade line in relation to water table has also proved beneficial and sometimes is a 
definite requirement. The choice of the particular treatment depends on a great many local condi-
tions and especially the type of soil encountered in the subgrade. 
The cause of reduction of subgrade support during and after the spring thawing period, as has 
been previously indicated, is an accumulation of an excessive amount of water in a subgrade or a 
change in structure of soil due to the freezing action. Tests made in Minnesota10 and other states 
show conclusively that during this period the load-carrying capacity of roads, with the exception 
of concrete pavement, may be reduced as much as 50 per cent of its previous fall value. (Fig . 3 . 14) 
In other words, a road structure capable of carrying a 6-ton axle load during the fall will only 
s upport a 3-ton axle load during the spring thaw. The presence of a weakened subgrade in a soil-
aggr egate road ma y r esult in rutting and disintegration of th~ surface , if unrestricted traffic is 
allowed on the road during this period. In addition, the surface course mat e rial may sink and mix 
with the soft subgrade soil under the action of traffic. In order to protect the road from complet e 
destruction, it i s frequently necessary to restrict the weight of vehicles which may use the r oad, 
or, in some severely affected sections , to close the road to all traffic for a period of time t o 
allow the subgrade t o recover its bearing power . 
Since bot h surface and subsurface water may cause a spring breakup, the first step toward 
corre cting the condition is to determine the source of the water. Proper drainage may then be 
accomplishe d by the installation of subdrains or open side ditches, provided suitable outlets are 
available and provided also that the subgrade soil is drainable. If the subgrade is composed of 
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TABLE 3. 2 HIGHWAY RESEARCH BOARD RECOMMENDED THICKNESS OF 
SOIL-AGGREGATE ROADS FOR 18,000 LB. AXLE LOADS 
-
- . -· - -· -· 
Soil Group Classification A-1-a A-1-b A-3 A-2-4 A-2-5 A-2-6 A-2-7 A-4 
----- --- - -
--·-·--
Wearing course depth (in.) 2 I 2 2 I 2 2 2 2 2 
-
·-. - --- --
-
·1 ·-- - -- ----- ·- --·-- --- - - -Base Course depth (in.) 0 I 5 5 5 6 6 6 8 
- · 
- . 
- --
Sub base course depth (in.) 0 0-6 0 0-6 0-8 0-10 0-10 2-14 
(a)' (b) (a) (a) (d,e) (d,e) (c ,e ) 
- ·-
-
Total thickness (in.) 2 7-13 7 7-13 8-16 8-18 8-18 12-24 
A-·5 A-6 A-7 A-7-5 
A-7-6 
2 2 2 
--· 
-
·· I-- · -
8 8 8 
4-14 0-14 0-14 
(c , e) (d,e) (d,e) 
14-24 10-24 10-24 
aNo subbase is required over A-1-a and A-2-5 soils where frost action is absent and the water 
table is low. In areas subject to severe frost action, or where the water table is near 
the surface, the maximum thickness should be used. 
bin the case of fine-grained A-2-4 and A-3 soils, it is often necessary to modify the upper 
layers by admixtures to a depth of several inches. 
con A-4 and A-5 soils a subbase course of the minimum thickness specified, consisting of 
stone screenings or similar material, is de~irable to produce a firm support upon which to 
place the over-lying granular co11rse. The maximum thickness is only required in areas 
subjected to severe frost action or where the water table is close to the surface. 
don A-6 and A-7 soils no subbase is required where the water table is permanently below the 
elevation from which water may reach the base by capillarity. The maximum thickness is 
required where the water table is high, and for A-6 soils where frost conditions ~re severe. 
eA-4 A-7-5 A-5 A-7-6 A-6 and A-7 soils have high capillarity, and lose supporting power 
whe~ satur~ted.' When ~avements are placed in cuts over such soils, the maximum thickness 
of subbase should be employed. 
materials such as silts or clay soils which are not readily drainable, the most common treatment is 
to excavate the undesirable material and backfill with a clean, granular material. The granular 
backfill must be so constructed as to provide drainage. This may be accomplished by extending the 
granular course to the side ditches. In many cases the most satisfactory method of treatment is a 
raise in the elevation of the subgrade. The grade raise is always made with granular materials. 
3.17 Thickness of Soil-Aggregate Roads 
The thickness of a soil-aggregate road must be sufficient to distribute the applied loads of 
traffic so that the maximum pressure reaching the subgrade does not exceed its bearing power. The 
controlling factors in this connection are the applied loads, the stress distribution through the 
road structure, and subgrade bearing power. There have been presented through various publications 
a number of rational formulae for determining the thickness of this type of road surface. However, 
none of them has yet been demonstrated fully valid under the test of time and experience . Because 
of the lack of proved mathematical methods, engineers have been compelled to rely largely upon the 
experience and judgment for determining the thickness of soil-aggregate roads . This method has 
proved to be reasonably satisfactory by the service record of existing roads. 
Based upon a nation wide survey of thickness of soil-aggregate roads in use in 1947, the High-
way Research Board has made recommendations regarding thickness of this type of road. The recommend-
ed thicknesses of pavement courses for 18,000-pound axle loads for various classes of subgrade soils 
are shown in Table 3.2 11 It may be noted that the total thickness is composed of the depth of 
wearing course, the depth of base course, and the depth of sub-base course. The use of wearing 
course must be justified by traffic conditions. The depth of 2 inches of wearing course in Table 
3.2 applies to bituminous surfaces of various types, including road-mix, cold laid plant-mix, pene-
tration macadam, and dense-graded hot-mix. Where the traffic is very low, wearing course is common-
ly not needed. Where the traffic is composed principally of light loads or for temporary emergency 
use for heavy loads, bituminous surface treatments having a maximum thickness of 3/ 4 inch are suit-
able. They are primarily for waterproofing and providing resistance to abrasion of soil-aggregate 
bases . 
10 T. B. Lawrence, "Load Carrying Capacity of Roads as Affected by Frost Act ion" Frost 
Action in Soils, Highway Research Board Special Report No. 2, (Washington: Highway Re~e~Board, 
1952)' p . 286. 
11 Highway Research Board, Thickness of Flexible Pavements, Current Road Problems, No. 8 R, 
(Washington: Highway Research Board, 1949), p . 13. 
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Using the above recommendations of the Highway Research Board as a guide, the Illinois Division 
of Highways has developed a policy on thickness design of sub-base courses, base courses , and 
wearing courses. 12 This method requires a complete knowledge of local conditions, including (1) 
the properties of the soil on which the road will rest, (2) the general character of the drainage, 
(3) frost penetration and other local climatic conditions, and (4) the number of trucks to be accom-
odated. The tables for determining the thickness of various types of soil-aggretate roads are 
shown in Tables 3.3 to 3.8. 
To illustrate the use of these tables, assume a soil-aggregate base course with bituminous 
surface treatment is to be constructed to carry a traffic of about 50 trucks per day. The subgrade 
is an A-5 soil having a group index value of 9, with poor drainage, and an average frost penetration 
of 40 inches. Referring to Table 3·.5, the minimum required thickness of the surface-treated base 
is 7 inches, and the thickness of the subbase is 11 inches. According to the design policy, the 
subbase course can be made up of (1) a satisfactory soil, (2) a satisfactory combination of soils, 
and (3) gravel or crushed stone. 
A recent survey regarding the practice on soil-aggregate roads in Illinois indicates that the 
above design policy has been well followed by county engineers. The thickness of soil-aggreate 
course ~enerally in use varies from 3 inches to 10 inches. 
12 Illinois Division of Highways, Policy on Thickness Design of Sub-base, Base and Surface 
Courses for Highways (Springfield: Illinois Division of Highways, 1951), p. 3. 
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CJ 
A-l-
A-1-
A-3 
A-2-
A-2-
A-2· 
A-2-
A-4 
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66-! 
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Grm 
Grm 
Gro1 
Gr01 
A-6 
Gr01 
Gr01 
Gro1 
Gro1 
A-7· 
Gr01 
Gro1 
Gro1 
Gro1 
Gro1 
Gro1 
A-7· 
Gro1 
Gro1 
Gro1 
Gro1 
* 
TABLE 3 . 3 ILLINOIS DIVISION OF HIGHWAYS RECOMMENDED THICKNESS IN INCHES OF SUB-BASE 
COURSE FOR USE WITH GRAVEL OR CRUSHED STONE SURFACE COURSE (TYPE A) ON 
HIGHWAYS CARRYING 20-60 TRUCKS PER DAY 
Surface Thickness: 3-Inch Minimum 
Good Drainage Fair Drainage Poor Drainage Very Poor Drainage 
Subgrade Soil Average Frost Average Frost Average Frost Average Frost Classification Penetration (in.) Pe net rat ion (in.) Penetration (in.) Penetration (in.) 
0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 0•18 18-36 36-54 
. -· 
A-1-a 0 0 0 0 0 0 0 0 0 0 0 0 
A-1-b 0 0 0 0 0 0 3 4 
··-
_ 5 ___ 4 5 6 
A-3 0 0 0 0 0 0 0 0 0 0 0 0 
-- --
1-- -- . - -·- - --- -A-2-4 0 0 0 0 0 0 3 4 5 4 5 6 
A-2-5 0 0 0 0 0 0 4 5 6 6 7 8 
A-2-6 0 0 0 0 ___ Q_ __ 
-- Q__ ~ ~--~_]__ _ _ JL__ _ 9 9 9 ·-I--- - - 1-- --- -- t-----A-2-7 0 0 0 0 0 0 6 7 8 9 9 9 
-----
...__ ___ 
A-4 
30-35% silt I 0 0 0 3 3 3 3 4 5 5 6 7 
35-40% silt 0 0 0 3 3 4 4 5 6 6 7 8 
40-48% silt 0 0 0 3 4 4 4 5 6 6 7 8 
48-66% silt 0 0 0 4 4 5 5 6 7 7 8 9 
66-90% silt 0 0 0 4 5 6 6 7 8 8 9 10 
A-5 I I 
Group Index 0-1 I 0 0 0 3 4 5 5 6 7 7 8 9 
Group Index 1-3 0 0 0 4 5 6 6 7 8 8 9 10 
Group Index 3-7 0 0 0 5 6 7 7 
\ 
8 9 9 10 11 
Group Index 7-12 0 0 0 6 7 8 8 9 10 10 11 12 
A-6 ! 
Group Index 0-2 0 0 0 3 3 3 3 4 5 i 5 6 7 
Group Index 2-5 0 0 0 3 4 4 4 I 5 6 r 6 7 8 Group Index 5-10 0 0 0 4 4 5 5 I 6 7 7 8 9 I 
Group Index 10-16 0 0 0 4 5 6 6 I 7 8 8 9 10 
A-7-5 
Group Index 0-2 0 0 0 3 3 4 4 5 6 6 7 8 
Group Index 2-3 0 0 0 3 4 5 5 6 7 7 8 9 
Group Index 3-6 0 0 0 4 4 5 5 6 7 I 7 8 9 
Group Index 6-12 0 0 0 4 5 6 6 7 8 
1 
8 9 10 
Group Index 12-14 0 0 0 5 5 6 6 7 8 8 9 10 
Group Index 14-20 0 0 0 5 6 7 7 8 9 I 9 10 11 ; 
A-7-6* I 
Group Index 0-2 0 0 0 3 4 5 5 6 7 I 7 8 9 
Group Index 2-7 0 0 0 4 5 6 6 7 8 8 9 10 
Group Index 7-14 0 0 0 5 6 7 7 8 9 9 10 11 
Group Index 14-20 0 0 0 6 7 8 8 9 10 10 11 12 
* A-7-6 soils composed of peat and muck should not be used as a foundation soil. 
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TABLE 3.4 ILLINOIS DIVISION OF HIGHWAYS RECOMMENDED THICKNESS IN INCHES OF SUB-BASE 
COURSE FOR USE WITH GRAVEL OR CRUSHED STONE SURFACE COURSE (TYPE B) ON 
HIGHWAYS CARRYING 0-60 TRUCKS PER DAY 
Surface Thickness: 4-Inch Loose 
Subgrade Soil Good Drainage Fair Drainage Poor Drainage Very Poor Drainage 
Classification Average Frost Average Frost Average Frost Average Frost 
Penetration (in.) Penetration (in.) Penetration (in.) Penetration (in.) 
0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 
A-1-a 0 0 0 0 0 0 0 0 0 0 0 0 
A-1-b 0 0 0 0 0 0 3 4 5 4 5 6 
A-3 0 0 0 0 0 0 0 0 0 0 0 0 
A-2-4 0 0 0 0 0 0 3 4 5 4 5 6 
A-2-5 0 0 0 0 0 0 4 5 6 6 7 8 
A-2-6 0 0 0 0 0 0 6 7 8 9 9 9 
A-2-7 0 0 0 0 0 0 6 7 8 9 9 9 
A-4 
30-35% silt 0 0 0 3 3 3 3 4 5 5 6 7 
35-40% silt 0 0 0 3 3 4 4 5 6 6 7 8 
40-48% silt 0 0 0 3 4 4 4 5 6 6 7 8 
48-66% silt 0 0 0 4 4 5 5 6 7 7 8 9 
66-90% silt 0 0 0 4 5 6 6 7 8 8 9 10 
A-5 
Group Index 0-1 0 0 0 3 4 5 5 6 7 7 8 9 
Group Index 1-3 0 0 0 4 5 6 6 7 8 8 9 10 
Group Index 3-7 0 0 0 5 6 7 7 8 9 9 10 11 
Group Index 7-12 0 0 0 6 7 8 8 9 10 10 11 12 
A-6 
Group Index 0-2 0 0 0 3 3 3 3 4 5 5 6 7 
Group Index 2-5 0 0 0 3 4 4 4 5 6 6 7 8 
Group Index 5-10 0 0 0 4 4 5 5 6 7 7 8 9 
Group Index 10-16 0 0 0 4 5 6 6 7 8 8 9 10 
A-7-5 
Group Index 0-2 0 0 0 3 3 4 4 5 6 6 7 8 
Group Index 2-3 0 0 0 3 4 5 5 6 7 7 8 9 
Group Index 3-6 0 0 0 4 4 5 5 6 7 7 8 9 
Group Index 6-12 0 0 0 4 5 6 6 7 8 8 9 10 
Group Index 12-14 0 0 0 5 5 6 6 7 8 8 9 10 
Group Index 14-20 0 0 0 5 6 7 7 8 9 9 10 11 
A-7-6* I I 
Group Index 0-2 0 I 0 0 3 4 5 5 6 7 7 8 9 
Group Index 2-7 0 
I 
0 0 4 5 6 6 7 8 8 9 10 
Group Index 7-14 0 0 0 5 6 7 7 8 9 9 10 11 
Group Index 14-20 0 0 0 6 7 8 8 9 10 10 11 12 
* A-7-6 soils composed of peat and muck should not be used as a foundation soil. 
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TABLE 3.5 ILLINOIS DIVISION OF HIGHWAYS RECOMMENDED THICKNESS IN INCHES OF SUB-BASE 
COURSE FOR USE WITH GRAVEL OR CRUSHED STONE OR WATER BOUND MACADAM BASE 
COURSE AND BITUMINOUS SURFACE TREATMENT ON HIGHWAYS CARRYING 20-160 TRUCKS 
PER DAY 
Combined Thickness of Base Course and Surface Treatment+ 
Truck Traffic 20-60 Per Day: 7-Inch Minimum 
Truck Traffic 60-160 Per Day: 8-Inch Minimum 
Good Drainage Fair Drainage Poor Drainage Very Poor Drainage 
Subgrade Soil Average Frost Average Frost Average Frost Average Frost 
Classification Penetration (in.) Penetration (in.) Penetration (in.) Penetration (in.) 
0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 
A-1-a 0 0 0 0 0 0 0 0 0 0 0 0 
A-1-b 0 0 0 0 0 0 3 ~4--~5 4 
---
___ 5 6 
A-3 0 0 0 0 0 0 0 0 0 0 0 0 
A-2-4 0 0 0 0 0 0 3 4 5 4 5 6 
A-2-5 0 0 0 0 0 0 4 5 6 6 7 8 
A-2-6 0 0 0 0 0 0 6 7 8 9 9 9 
A-2-7 0 0 0 0 0 I 0 6 7 8 9 9 9 
A-4 
30-35% silt 3* 3* 3* 3 3 4 4 5 6 6 7 8 
35-40% silt 3* 3* 3* 3 4 5 5 6 7 7 8 9 
40-48% silt 3* 3* 3* 4 4 5 5 6 7 7 8 .• 9 
48-66$ silt 3* 3* 3* 4 5 6 6 7 8 8 9 10 
66-90% silt 3* 3* 3* 5 6 7 7 8 9 9 10 11 
---
A-5 
Group Index 0-1 3* 3* 3* 4 5 6 6 7 8 8 9 10 
Group Index 1-3 3* 3* 3* 5 6 7 7 8 9 9 10 11 
Group Index 3-7 3* 3* 3* 6 7 8 8 9 10 10 11 12 
Group Index 7-12 3* 3* 3* 7 8 9 9 10 11 11 12 13 
A-6 
Group Index 0-2 3* 3* 3* 3 3 4 4 5 6 6 7 8 
Group Index 2-5 3* 3* 3* 4 4 5 5 6 7 7 8 9 
kroup Index 5-10 3* 3* 3* 4 5 6 6 7 8 8 9 10 
Group Index 10-16 3* 3* 3* 5 6 7 7 8 9 9 10 11 
- ----
A-7-5 
Group Index 0-2 3* 3* 3* 3 4 5 5 6 7 7 8 9 
Group Index 2-6 3* 3* 3* 4 5 6 6 7 8 8 9 10 
Group Index 6-13 3* 3* 3* 5 6 7 7 8 9 9 10 11 
Group Index 13-20 3* 3* 3* 6 7 8 8 9 10 10 11 12 
--
A-7-6** 
Group Index 0-2 3* 3* 3* 4 5 6 6 7 8 8 9 10 
Group Index 2-6 3* 3* 3* 5 6 7 7 8 9 9 10 11 
Group Index 6-13 3* 3* 3* 6 7 8 8 9 10 10 11 12 
Group Index 13-20 3* 3* 3* 7 8 9 9 10 11 11 12 13 
+If water bound macadam base course is used the base course thickness may be reduced one inch. 
*For roads carrying less than 60 trucks per day the subbase course may be eliminated under good 
drainage conditions, in which case the minimum base course thickness shall be 7 inches. 
**A-7-6 soils composed of peat and muck should not be used as a foundation soil. 
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TABLE 3.6 ILLINOIS DIVISION OF HIGHWAYS RECOMMENDED THICKNESS IN INCHES OF SUB-BASE 
COURSE FOR USE WITH GRAVEL OR CRUSHED STONE OR WATER BOUND MACADAM BASE 
COURSE AND BITUMINOUS ROAD-MIX SURFACE COURSE ON HIGHWAYS CARRYING 60-160 
TRUCKS PER DAY 
Combined Thickness of Base and Surface Courses+: 8-Inch Minimum 
Good Drainage Fair Drainage Poor Drainage Very Poor Drainaize 
Subgrade Soils Average Frost Average Frost Average Frost Average Frost 
Classification Pe net rat ion (in.) Penetration (in.) Penetration (in.) Penetration (in.) 
0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 
~---- ~----~-----
A-1-a 0 0 0 0 0 0 0 0 0 0 0 0 
- ---·- --- >-----A-1-b 0 0 0 0 0 0 3 4 fi 4 5 6 
--A-3 0 0 0 0 0 0 0 0 0 0 _Q__ 0 
A-2-4 0 0 0 0 0 0 3 4 5 4 5 6 
A-2-5 0 0 0 0 0 0 4 5 6 6 7 8 
A-2-6 0 0 0 0 0 0 6 7 8 9 9 9 
A-2-7 0 0 0 0 0 0 6 7 8 9 9 9 
A-4 
30-35% silt 3 3 I 3 3 3 4 4 5 6 6 7 8 
35-40% silt 3 3 3 3 4 5 5 6 7 7 8 9 
40-48% silt 3 3 3 4 4 5 5 6 7 7 8 9 
' 48-66% silt 3 3 3 i 4 5 6 6 7 R 8 9 10 
66-90% silt 3 3 3 I 5 6 7 7 8 9 9 10 11 
A-5 
Group Index 0-1 3 3 3 4 5 6 6 7 8 8 9 10 
Group Index 1-3 I 3 3 3 5 6 7 7 8 9 9 10 11 Group Index 3-7 3 3 3 6 7 8 8 9 10 10 11 12 
Group Index 7-12 3 3 3 7 8 9 9 10 11 11 12 13 
,___ ___ 
>--- -- ---A-6 I Group Index 0-2 3 3 3 3 3 I 4 4 5 6 6 7 8 
Group Index 2-5 3 3 3 4 4 I 5 5 6 7 7 8 9 I 
Group Index 5-10 3 3 3 4 5 I 6 6 7 8 8 9 10 I 
Group Index 10-16 3 3 3 5 6 I 7 7 8 9 9 10 11 
~--- - 1----------A-7-5 I I 
Group Index 0-2 3 3 3 3 4 I 5 5 6 7 7 8 9 
Group Index 2-6 3 3 3 4 5 6 6 7 8 8 9 10 
Group Index 6-13 3 3 3 5 6 7 7 8 9 9 10 11 
Group Index 13-20 3 3 3 6 7 8 8 9 10 10 11 12 
- ~--- ------- ------ ----·--- <--- - · -
A-7-6* 
Group Index 0-2 3 3 3 4 5 6 6 7 8 8 9 10 
Group Index 2-6 3 3 3 5 6 7 7 8 9 9 10 11 
Group Index 6-13 3 3 3 6 7 8 8 9 10 10 11 12 
Group Index 13-20 3 3 3 7 8 9 9 10 11 11 12 13 
--- . 
+If water bound macadam base course is used, the base course thickness may be reduced one inch. 
*A-7-6 soils composed of peat and muck should not be used as a foundation soil. 
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TABLE 3. 7 ILLINOIS DIVISION OF HIGHWAYS RECOMMENDED THICKNESS IN INCHES OF SUB-BASE 
COURSE FOR USE WITH GRAVEL OR CRUSHED STONE OR WATER BOUND MACADAM BASE 
COURSE AND BITUMINOUS PLANT-MIX SURFACE COURSE ON HIGHWAYS CARRYING 60-160 
TRUCKS PER DAY 
Combined Thickness of Base and Surface Courses+: 8-Inch Mini.mum 
Subgrade Soils Good Drainage Fair Drainage Poor Drainage Very Poor Drainage Average Frost Average Frost Average Frost Average Frost Classification Penetration (in.) Penetration (in.) Penetration (in.) Penetration (in.) 
0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 45:..54 0-18 18-36 36-54 
A-1-a 0 0 0 0 0 0 0 0 0 0 0 0 
A-1-b 0 0 0 0 0 0 3 4 5 4 5 6 
A-3 0 0 0 0 0 0 0 0 0 0 0 0 
A-2-4 0 0 0 0 0 0 3 4 5 4 5 6 
A-2-5 0 0 0 0 0 0 __ 1_ 5 6 6 7 8 
A-2-6 0 0 0 0 0 0 6 7 8 9 9 9 
A-2-7 0 0 0 0 0 0 6 7 8 9 9 9 
A-4 I l 
30-35% silt I 3 3 3 3 3 4 4 5 6 6 7 8 
35-40% silt I 3 3 3 3 4 5 5 6 7 7 8 9 
40-48% silt I 3 3 3 4 4 5 5 6 7 7 8 9 
48-66% silt 
I 
3 3 3 4 5 6 6 7 8 8 9 10 
66-90% silt 3 3 3 5 6 7 7 8 9 9 10 11 
-
A-5 I 
Group Index 0-1 
I 
'3 3 3 4 5 6 6 7 8 8 9 10 
Group Index 1-3 3 3 3 5 6 7 7 8 9 9 10 11 
Group Index 3-7 3 3 3 6 7 8 8 ' 9 10 10 11 12 I 
Group Index 7-12 I 3 3 3 7 8 9 9 10 11 11 12 13 
I 
. --·--·- -· . --
- - - . . . - -A-6 I Group Index 0-2 3 3 3 3 3 4 4 5 6 I 6 7 8 
Group Index 2-5 3 3 3 4 4 5 5 6 7 I 7 8 9 
Group Index 5-10 3 3 3 4 5 6 6 7 8 8 9 10 
Group Index 10-16 3 3 3 5 6 7 7 8 9 9 10 11 
-- · ·--- -- - · -----A-7-5 
Group Index 0-2 3 3 3 3 4 5 5 6 7 7 8 9 
Group Index 2-6 3 3 3 4 5 6 6 7 8 8 9 10 
Group Index 6-13 3 3 3 5 6 7 7 8 9 9 10 11 
Group Index 13-20 3 3 3 6 7 8 8 9 10 10 11 12 
- - --
A-7-6* 
Group Index 0-2 3 3 3 4 5 6 6 7 8 8 9 10 
Group Index 2-6 3 3 3 5 6 7 7 8 9 9 10 11 
Group Index 6-13 3 3 3 6 7 8 8 9 10 10 11 12 
Group Index 13-20 3 3 3 7 8 9 9 10 11 11 12 13 
+If water bound macadam base course is used the base course thickness may be reduced one inch. 
*A-7-6 soils composed of peat and muck should not be used as a foundation soil. 
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TABLE 3.8 ILLINOIS DIVISION OF HIGHWAYS RECOMMENDED THICKNESS IN INCHES OF SUB-BASE 
COURSE FOR USE WITH GRAVEL OR CRUSHED STONE OR WATER BOUND MACADAM BASE COURSE 
AND BITUMINOUS PLANT-MIX SURFACE COURSE ON HIGHWAYS CARRYING MORE 111AN 160 
TRUCKS PER DAY 
Combined Thickness of Base and Surface Courses+: 
Truck Traffic 160-400 Per Day: 11-Inch Minimum 
Truck Traffic 400-800 Per Day: 12-Inch Minimum 
Truck Traffic 800 or more Per Day: 13-Inch Minimum 
Good Drainage Fair Drainage Poor Drainage Very Poor Drainage 
Subgrade Soils Average Frost Average Frost Average Frost Average Frost Classification Penetration (in.) Pe net rat ion (in.) Penetration (in.) Penetration (in.) 
0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 
A-1-a 0 0 0 0 0 0 0 0 0 0 0 0 
A-1-b 0 0 0 0 0 0 3 4 5 4 5 6 
A-3 0 0 0 0 0 0 0 0 0 0 0 0 
A-2-4 0 0 0 0 0 0 3 4 
--
_L_ ._ 4 __ 5 6 
A-2-5 0 0 0 0 0 0 4 5 6 6 7 8 
~~·-. f- - -·-A-2-6 0 0 0 0 0 0 6 7 8 9 9 9 
- . - ·---A-2-7 0 0 0 0 0 0 6 7 8 9 9 9 
A-4 
30-35% silt 4 4 4 4 4 5 5 6 7 7 8 9 
35-40% silt 4 4 4 4 5 6 6 7 8 8 9 10 
40-48$ silt 4 4 4 5 5 6 6 7 8 8 9 10 
48-66$ silt 4 4 4 5 6 7 7 8 9 9 10 11 
66-90% silt 4 4 4 6 7 8 8 9 10 10 11 12 
A-5 
Group Index 0-1 4 4 4 5 6 7 7 8 9 9 10 11 
Group Index 1-3 4 4 4 6 7 8 8 9 10 10 11 12 
Group Index 3-6 4 4 4 7 8 9 9 10 11 11 12 13 
Group Index 6-12 4 4 4 8 9 10 10 11 12 12 13 14 
A-6 
Group Index 0-2 4 4 4 4 4 5 5 6 7 7 8 9 
Group Index 2-5 4 4 4 5 5 6 6 7 8 8 9 10 
Group Index 3-6 4 4 4 5 6 7 7 8 9 9 10 11 
Group Index 6-12 4 4 4 6 7 8 8 9 10 10 11 12 
A-7-5 
Group Index 0-2 4 4 4 4 5 6 6 7 8 8 9 10 
Group Index 2-6 4 4 4 5 6 7 7 8 9 9 10 11 
Group Index 6-14 4 4 4 6 7 8 8 9 10 10 11 12 
Group Index 14-20 4 4 4 7 8 9 9 10 11 11 12 13 
---
A-7-6* 
Group Index 0-2 4 4 4 5 6 7 7 8 9 9 10 11 
Group Index 2-6 4 4 4 6 7 8 8 9 10 10 11 12 
Group Index 6-14 4 4 4 7 8 9 9 10 11 11 12 13 
Group Index 14-20 4 4 4 8 9 10 10 11 12 12 13 14 
+If water bound macadam base course is used the base course thickness may be reduced one inch. 
*A-7-6 soils composed of peat and muck should not be used as a foundation soil. 
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IV. CONSTRUCTION 
4.1 Principles of Construction 
Methods for the construction of soil-aggregate roads are reasonably well standardized. Local 
factors, however, such as availability of materials and equipment and the nature of the project 
generally determine the detailed procedures of a specific job. The success of construction such as 
this is in keeping it in the low cost field; and in so doing, special attention is directed toward 
simple operations. 
As a basic requirement, the construction of soil-aggregate roads must consist of the maximum 
use of materials found in the vicinity of the road. The engineer must decide to what extent the 
material on the location will provide an adequate service for the traffic under the local climatic 
conditions. Tests of the native soil or aggregate material will help him to do this (Sections 
2.2 , 2.5). If the native material is not satisfactory for road-building purpose, a blend of other 
materials or an addition of some admixtures is necessary to produce the desired results (Sections 
2.12, 2.17). The materials to be added can be selected by laboratory tests or by experience in the 
locality. 
Regardless of what kind of material is used, the principal requirements for tht construction 
process consist of (1) mixing of the soil-aggregate materials until a high degree of uniformity is 
obtained and (2) compaction to essentially maximum practical density. There are three basic proce-
dures commonly in use: (1) road-mix construction, (2) traveling-plant construction, and (3) central 
pl ant construction. Road-mix is normally the most adaptable type on local road projects ; plant-mix 
is often economical and beneficial on large projects involving considerable quantities of materials 
and on small jobs where several are located close together. In all methods, the basic procedures 
are the same. Major procedures consist in preparing the subgrade; excavating, hauling ind stock-
piling of materials; pulverizing the fine-grained soils if necessary; proportioning materials in 
accordance with the laboratory design; blending the materials together; adding the specified amount 
of water and, if desired, admixtures; mixing all materials to a high degree of uniformity ; spread-
ing the mixture in a thin layer of uniform thickness; and compacting and shaping to the desired 
cross section. The various steps may be performed separately, or certain of the steps may be com-
bined into one operation, depending upon the method and equipment for the construction. 
It must be noted that the method of construction described in this chapter has been developed 
during the past twenty years to provide a stable, durable and wear-resistant soil-aggregate road. 
The r e is no de nial that this type of construction costs more, at least initially, than merely 
dumping and spreading on the subgrade whatever material can be readily obtained. For ce rtain local 
roads with little traffic and with little money available the simple procedure of placing some soil-
aggregate mate rial is probably all that can be done. But on a road that. carries ~ny appreciable 
amount of traffic, the road users will not be satisfied for very long, and repeated maintenance 
ope rations r equired to keep the road passable may cost more money after a few years t han it would 
have cost to properly construct the road in the beg inning. 
4. 2 Computation of Quantities of __ ~~l-A~~~e~ate ~~_!_~r~als 
The quantities of materials required for a project depend upon the required compacted density 
of the material. With a road surface of given width and thickness, the higher the specified dry 
density, the more the soil-aggregate materials are required. In common practice soil-aggregate mix-
tures are compacted to their maximum dry density as determined by the standard AASHO compaction 
test (Sections 3.15 , 4 . 13) . The value of this density varies generally from 120 to 135 pounds per 
cubic foot, depending upon the composition of a mixture and the specific gravity of t he material . 
Unless the desired density of a material has already been established by local experience , a labo-
ratory compaction test is a prerequisite for determining the quantities of materials in need. 
Depending upon the facilities available for construction, the quantities may be required to be 
furnished on either a weiv,ht or volume basis. To estimate the quantities on a weight hasis, the 
first step is to compute the total tonnage of the dry materials. If the material is made up by 
combining several materials (Section 2.12), the dry weights of individual materials m?. y be computed 
by multiplying the weight of the total mixture by the respective fractional percentages or blend 
ratios of these materials. As used on the job, soil-aggregate materials always contain some moist-
ure. The moisture content of each material must be de termined in the laboratory using a representa-
t ive sample. Based on the moisture content, the weight of a moist material can be readily computed 
f rom its dry we ight. 
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The method described above can best be illustrated by an example . Suppose the width of a soil-
aggregate course is 24 feet, the compacted thickness of the course is 6 inches, and the total length 
of the road is 5.6 miles. The soil-aggregate mixture is composed of 11 per cent of Material A, 
which is the existing subgrade soil ; and 89 per cent of Mate rial B, an aggregate mater ial available 
from a nearby source (Section 2.13). In the natural state Material A has a moisture content of 9 
per cent and Material B has a moisture content of 4 per cent. The specified density of the compact-
ed mixture is 135 pounds per cubic foot, a value determined by the standard AASHO compaction test. 
Using the above method, the quantities of Materials A and B required for the project, on a weight 
basis, are estimated to be 2873 tons and 22,170 tons respectively. The computation of these quanti-
ties of materials is as follows: 
Cross-sectional area of soil-aggregate course = 24 x 6/12 • 12 sq. ft. 
Volume of compacted material per station (100 feet of length) = 12 x 100 • 1200 cu. ft. 
Total dry weight of mixtures per station ~ 1200 x 135 = 162,000 lbs. ~ 81.0 tons 
Dry weight of Material A per station ·= 81 . 0 x 11% = 8.91 tons 
Dry weight of Material B per station = 81.0 x R9% = 72.09 tons 
Moist weight of Material A per station= 8.91 x (1 + 9/100) = 9.71 tons 
Moist weight of Material B per station= 72 . 09 x (1 + 4/100) = 74 . 97 tons 
Moist weight of Material A per mile= 9 . 71 x 5280/100 = 513 tons 
Moist weight of Material B per mile • 74.97 x 5280/100 = 3959 tons 
Moist weight of Material A for the project = 513 x 5.6 = 2873 tons 
Moist weight of Material B for the project e 3959 x 5.6 • 22,170 tons 
If materials are to be furnished on a volume basis, they are usually given in loose cubic yards. 
Since the volume of material varies with its grading and moisture, it is necessary to determine the 
loose unit weight of each material that will be in use. This is uaually made by checking the volume 
of a stockpile of material of known weight. Another common procedure is to shovel the material 
into a cylindrical container having a specified size of 1 cubic foot or larger, and level off the 
surface. The net weight of the material in the measure is determined; and the unit weight of the 
material is then obtained by dividing the net weight by the volume of the container. Knowing the 
weights of materials required, the loose volume can be computed by dividing their respective weights 
by their loose unit weights. 
Referring to the above example, let it be assumed that the loose unit weight of Material A is 
69 pounds per cubic foot or 0.93 tons per cubic yard; and that of Material B is 106 pounds per cubic 
foot or 1.43 tons per cubic yard. The required quantities of Materials A and B, on a loose volume 
basis, are computed as follows: 
Volume of Material A per station= 9.71 I 0.93 ~ 10.44 loose cubic yards 
Volume of Material B per station= 74.97 I 1.43 = 52.43 loose cubic yards 
Volume of Material A for the project • 2873 I 0.93 = 3090 loose cubic yards 
Volume of Material B for the project = 22,170 I 1.43 = 15,500 loose cubic yards 
Allowance should be made for loss of materials during haulage and construction. This loss may 
amount to as much as 4 to 7 per cent. 
4.3 Computation of Water to be Added 
If the moisture content of the soil-aggregate material is less than optimum, sufficient amount 
of water must be added for effective compaction. The amount of water to be added is computed on 
the basis of the dry weight of the soil-aggregate material, with proper allowance for evaporation 
loss during placing, spreading, and compacting the material. The natural moisture content of the 
soil-aggregate material is considered as part of the mixing water and must be subtracted from the 
computed amount to be used in the mixture. The process of computation is illustrated by an example 
as follows: 
1. Water to be added to obtain optimum moisture - Referring to the example in Section 4.2, 
let it be assumed that the optimum moisture content of the soil-aggregate mixture is determined to 
be 8 per cent. It may be recalled that Material A ~as a natural moisture content of 9 per cent and 
Material B has a natural moisture content of 4 per cent. The total dry weight of soil-aggregate 
mixture per station is equal to 81.0 tons. 
Weight of water required for dry material per station = 81.0 x 8% = 6.48 tons 
Dry weight of Material A per station = 8.91 tons (Section 4.2) 
Weight of water contained in Material A per station= 8.91 x 9% = 0.80 ton 
Dry weight of Material B per station = 72.09 tons (Section 4.2) 
Weight of water contained in Material B per station = 72.09 x 4% = 2.88 tons 
Weight of water required per station to bring the soil-aggregate material to optimum moisture 
= 6.4R - 0.80 - 2.88 = 2.80 tons 
Weight nf water = 8.34 lb./gallon 
Amount of water required per station • 2.80 x 2000/8.34 = 672 gallons 
2 . Water allowance for e vaporation during placing, spreading, and compacting - To insure com-
paction at optimum moisture content, an additional amount of water is usually required to provide 
an allowance for evaporat ion loss during placing, spreading, and compacting the soil-aggregate ma-
terial. The required amount of additional water is dependent on the climatic conditions, the type 
of soil-aggregate material, and the method of construction; it is equal to the actual loss of 
moisture in the fieJd which can be easily determined. Referring to the above example, let it be 
assumed that an addition of 10 per cent of water is needed to give an allowance for evaporation loss. 
Amount of water required per station to provide allowance for evaporation = 2.80 x 10% 
- 0 . 28 ton = 67 gallons 
3. Total amount of water needed - The total amount of water required per station to insure 
compaction at optimum moisture content is, therefore, 672 + 67 = 739 gallons. 
4.4 Preparation of Subgrade 
Preparation of subgrade is one of the most important items in the construction of a soil-
aggregate road. A subgrade, as a rule, must be smoothed, trimmed and compacted to the required 
alignment, grade, and cross section to receive the surface or base material. It must be prepared 
as far as feasible in advance of the construction of the soil-aggregate courses. A distance of 
half a mile in advance is commonl v required. 
If the subgrade is newly constructed, it generally requires some rolling until it is firm and 
solid. Pre liminary shaping of the subgrade should leave it high enough to allow for this compac-
tion. All soft spots must be located and remedies applied . In many cases soft and spongy sections 
are due to the presence of water bearing strata at the grade line. In cases of this nature, the 
area must be thoroughly investigated by means of soil augers (Section 3.8). It is important to 
divert the water by subdrains before it reaches the subgrade rather than to drain it from the soft 
spot after the damage has been done . Whe n for any length of time the water table is near the sub-
grade, there is possibility of failure due to softening of the subgrade. Such a failure will affect 
the soil-aggregate road, especially if the material has a high percentage of silt and clay. It is 
necessary in cases of this kind, either to lower the water table by means of subdrains, or to pro-
vide a fill of suitable height to insure firmness during the entire year. On most newly constructed 
subgrades, rain will enter material which has not been thoroughly consolidated and soft places will 
develop. These places must be excavated, drained , backfilled and compacted with suitable material 
before a top course is placed on. 
If the road is placed on an old soil-aggregate road, the matter of providing a compacted road 
foundation has usually been well taken care of. Old roads which have been compacted by traffic over 
a period of years should not be deeply scarified but merely given a light leveling in order to fur-
nish a uniform foundation. For an old oiled road, however, caution must be used in placing a soil-
aggregate surface course over it. Since a s eal is interposed between the old and the new soil-
Courtesy Allis-Chalmers Mfg . Co. 
Fig . 4.l Blade Grader 
aggregate courses , the small amount of moisture 
needed to maintain the new surface course in a 
slightly damp condition may be prevented from enter-
ing in from below. This may cause the road surface 
to become badly potholed during periods of dry 
weather. If the oiled surface is good e nough for 
further use, it should be repaired. If it is badly 
broken up and beyond repair , it must be deeply scar-
ified and completely reconstructed. 
4 . 5 Equipment for Preparing Subgrade 
The shaping of subgrade is genera lly performed 
b y means of a blade grader. The machine consists 
essentially of an adjustable steel blade ranging in 
length from 7 to 14 feet, mounted on a frame, and is 
either powered by a Diesel or gasoli ne engine or 
drawn by a tractor. A common type is illustrated in 
Fig. 4.1. The operator can readily set the blade at 
the proper height, turn it to make any desired angle 
with the center line of the road, and tip it so as 
to produce the required transverse slope. All these 
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TABLE 4 . 1 RECOMMENDED WEIGHTS AND PRESSURES OF 3-WHEEL 
ROLLERS FOR COMPACTING VARIOUS TYPES OF SOILS 
Soil Grrmp 
Clean, well-graded sands, poorly graded sands (one 
size), and some gravelly sands having little or no 
silt or clay 
Friable silty and clayey sandy soils which depend 
largely on their frictional qualities for develop-
ing bearing capacity 
Intermediate groups of clayey silts and lean clayey 
soils of low plasticity index (lower than 10) 
Well-graded sand gravels containing sufficient fines 
to act as filler and binder 
"ledium to heavy clayey soils 
Weight Group and Pressure (Wt. 
per Lin. In. of Width of Rear 
Rolls) 
Cannot be rolled satisfactorily 
with 3-wheel type rollers. 
5 to 6 tons, 150-225 lb. 
7 to 9 tons, 225-300 lb. 
10-12 tons, 300-400 lb. 
10-12 tons, 300-400 lb. 
adjustments can be made from the operator's platform. In order to loosen the soil, a scarifier is 
sometimes mounted on the machine in front of the blade. Graders are generally carried on pneumatic 
tires, permitting good maneuverability and comparatively high working speeds - 2 to 7 miles per 
hour, with travel speeds up to 10 miles per hour. They are one of the most used pieces of equipment 
in the construction and maintenance of soil-aggregate roads. Other usage of blade graders will be 
described in the latter part of this chapter and in Chapter V. 
The final rolling of the subgrade is commonly made by a smooth-wheel steel roller of 3-wheel 
type or a pneumatic-tired roller. The 3-wheel steel roller has a wide wheel in the front and two 
comparatively narrow wheels in the rear, as shown in Fig. 4.2. Rollers of this type may be obtained 
in a wide range of sizes and weights. The selection of the weight of the roller for a given job is 
dependent upon the type of soil encountered in the subgrade. Table 4.1 gives the weight classes of 
3-wheel rollers suited for compacting different types of soils.1 This type of roller gives good 
results on all soils except clean, non-plastic sands. Some 3-wheel rollers are equipped with scari-
fiers hydraulically operated. They are of particular value in preparing subgrades where scarifying 
is needed. 
Pneumatic-tired rollers, as a type, are suited to compacting almost any type of soil. They 
have been made in several styles and sizes. A typical model, as shown in Fig. 4.3 , is a trailer 
unit with a bucket-type body which can be filled to increase the weight of the unit and consequently 
the pressure applied on the soil. Motive power usually is provided by a tractor. The specifications 
of the Illinois Division of Highways require that pneumatic-tired rollers consist of not less than 
Courtesy Galion Iron Works & Mfg. Co . Courtesy Tampo Mfg. Co. 
Fig . 4 . 2 Three-Wheel Steel Roller Fig . 4 .3 Pneumatic-Tired Roller 
1 Highway Research Board, Compact ion of Embankments •. ~l!.1?.grades, and Bases, (Washington: 
Highway Research Board, 1952), p. 29. 
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TABLE 4 . 2 RECOMMENDED CONTACT PRESSURES OF PNEUMATIC-TIRED 
ROLLERS FOR COMPACTING VARIOUS TYPES OF SOILS 
Soil Group Contact Pressure of Roller 
Clean sands and some gravelly sands 
Friable silty and clayey sands which depend 
largely on their frictional qualities for 
developing bearing capacity 
20 to 40 psi inflation pressure, the 
greater pressures with the large size 
tires 
40 to 65 psi inflation pressure 
Clay soils and very gravelly soils 65 psi and up inflation pressure 
~~~~~~~~--''----~~~ 
nine pneumatic tires revolving on two axles. The tires on the front and rear wheels should be 
staggered so that they will cover the entire areas over which the roller travels. Under working 
conditions, the roller should develop a compression of not less than 225 pounds per inch width of 
tire thread. The inflation pressure of tires is a major factor in obtaining desirable compaction 
results. The data given in Table 4.2 may be used as a general guide for compacting different soils. 2 
In some cases sheepsfoot rollers are used for compacting soils. A sheepsfoot roller consists 
of a steel drum on which projecting "feet" are mounted. A roller of this type generally weighs 
about 3000 pounds empty, depending on the size and number of feet, and it is arranged so that the 
drum may be filled with water or sand in order to gain the incrased weight desired for the compac-
t ion of a given type of soil. In Table 4.3 are given recommended foot sizes and foot pressures for 
different types of soils. 3 The roller is generally pulled by a tractor. Frequently, several roller 
units are pulled by the same tractor, as shown in Fig. 4.4. 
TABLE 4.3 RECOMMENDED CONTACT PRESSURES AND SIZES OF FEET OF SHEEPS-
FOOT ROLLERS FOR COMPACTING VARIOUS TYPES OF SOILS 
Soil Type 
Friable silty and clayey sandy soils which 
depend largely on their frictional qualities 
for developing bearing capacity 
Intermediate group of clayey silts, clayey 
sands and lean clay soils which have low 
plasticity 
Medium to heavy clays 
Contact Area 
(sq. in.) 
7-12 
6-10 
5-8 
Contact Pressure 
(psi) 
75-125 
100-200 
150-300 
Remarks: These groups are based on stock models for use in compacting to densities of 
about 95% AASHO T-99 maximum density at moisture contents at or slightly below 
optimum when 6 to 9-inch compacted lift thickness are developed. It is also 
based on the experience that rollers are most easily towed when their weight 
allows them to begin to "walk up" as rolling progresses. It is realized that 
much heavier contact pressures may be more desirable if contact areas are in-
creased and that such increases are necessary if higher field densities are 
to be produced. 
4.6 Methods and Equipment for Excavating and Hauling Soil-Aggregate Materials 
Materials for soil-aggregate road construttion are generally obtained either directly from 
naturally occurring deposits or purchased from nearby commercial sources. If there are locally 
available sand and gravel deposits, excavation may be readily accomplished by any one of several 
methods. The first consideration in selection of the method is whether the deposit is or will be 
under water. If water is present in the picture, it is common practice to use draglines for exca-
vation. The dragline, working from the top of the deposit, can excavate both above and below water 
table. A dry bank deposit of sand and gravel, on the other hand, is usually excavated by power 
shovels or front-end loaders digging from the floor of the pit. The disadvantage of a shovel -
operated excavation against a high bank is the problem of the bank sliding into it. 
2 Highway Research Board, Compaction of Embankments, Subgrades, and Bases, (Washington: 
Highway Research Board, 1952), p.31 . 
3 lb id . , p. 26. 
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Courtesy Tampo Mfg. Co. Courtesy Bucyrus-Erie Co. 
Fig. 4.4 Tractor with Sheepsfoot Rollers Fig. 4.5 Power Shovel 
Both the shovel and the dragline belong to a group of road-building machines known as "shovel-
crane units". There are five basic units which are included in this classification. Besides 
shovel and dragline , the other three are crane , clamshell, and hoe. These units differ from one 
another only in their front-end attachments , which include all the equipment necessary for the 
operation of the units as a shovel, dragline, clamshell, and so on. The revolving structure is 
conunon to all these machines and is basically the platform upon which are mounted the eng ine and 
necessary mechanisms for performing the hoist, swing, and travel functions. These machines may be 
mounted on crawler threads, rubber tires, or on rubber-tired truck units. 
A p0wer shovel consists of a boom, connected to which is a dipper-stick carrying the excavat-
ing dipper on its end. Both the dipper-stick and the excavating dipper are raised, lowered and 
moved forward or backward by wire ropes or chains or hydraulic mechanisms and the connected ope rat-
ing machinery. A typical power shovel is shown in Fig. 4.5 . The operation of a power shovel con-
sists of four motions - dig, swing, dump, return - repeated without intermission except for occa-
sionally moving the shovel forward 0r delay in bring ing up loading equipment to receive the excavat-
ed material. A few seconds lost in each cycle mount up in a day and an experienced operator can 
excavate 25 to 100 per cent more material in a day than an inexperienced one. Dippers provided on 
sh ovels used in highway operations are obtainable in capacities ranging from ~ /8 to 4 cubic yards. 
The usual size shovel used on excavating soil-aggregate material should be one having a capacit y of 
l ! to 2 cubic yards. 
A dragline (Fig . 4 . 6) is basically a scoop or open bucket which is tossed out from the machine 
ont o t he material and is then pulled back in toward the machine . As the dragline bucket is pulled 
back , it fills with material . Drag line buckets, as used in nonnal road oper~tions, are available 
in approximately the same range of sizes as are shovel buckets . The selection of a dragline bucket 
must be based on factors such as the weight and condition of material, operating radius, and load 
capacity of the machine. The general rule of thumb is that the combined weight of the bucket and 
weight of material in the bucket must never exceed the safe crane lifting capacity of the machine 
at the working radius . 
The ha11ling of either excavated material from pit or processed material from c0mmercial plant 
to the job site is usually provided by motor trucks with dump bodies (Fig. 4.7). Conunonly used 
dump trucks vary in size from l ! to 15 cubic yards, and may be either rear-dump or side-dump models. 
The size of the truck used on a particular job should be keyed to the size of the excavating equip-
ment , the larger model being used with larger excavating units. Generally a good balance is obtain-
ed when the truck capacity is four times the capacity of the bucket loading the truck. 
4.7 Road-Mix Construction 
Among the methods for soil-aggregate construction, road-mix is perhaps the most conunonly used. 
In the basic process of road-mixing, the proper proportions of soil and aggregate materials which 
ar e t o form the surface or base courses are mixed directly on the subgrade. The equipment required 
for this type of construction is rather simple. It generally consists of trucks, discs or harrows, 
blade graders, water trucks, and, if admixtures are used, spreaders for delivering and spreading 
admixtures. The quantity of equipment for a given project varies with the size of the job and the 
amount of work to be completed each day . 
Courtesy Bucyrus-Erie Co. Courtesy Galion Iron Works & Mfg. Co. 
Fig. 4.6 Dragline Fig. 4.7 Dump Truck 
The construction procedure may well differ on jobs, depending upon the type of material, equip-
ment available, and weather conditions. If it is possible to secure materials directly from sources 
containin~ all of the constituents in the correct proportions, the procedure is much simplified and 
little blending and mixing are necessary. In many cases the aggregate materials are obtained from 
borrow pits, and silt and clay materials are secured from roadbed, shoulders, or side slopes. In 
this connection, the following procedures may be taken as typical: 
1. Preparation of silt and clay materials. 
2. Delivering and placing aggregate materials. 
3. Dry mixing soil-aggregate materials. 
4. Spreading admixtures if desired. 
5. Sprinkling and mixing all materials. 
6. Laying mixed materials on road. 
The road-mix construction method is used by many engineers because (1) the equipment is simple, 
relatively inexpensive to provide, and can be easily transported from job to job, and (2) the amount 
of equipment used can be suited to the size of the job. However, the mixing is not as uniform as 
with traveling plant or central plant methods. Sometimes difficulties may also be encountered in 
maintaining the moisture content of the mixture at optimum. In a dry climate, the water lost by 
evaporation is difficult to replace. During a heavy rain the moisture content is liable to be in-
creased to an undesirable amount and the whole road section may be spoiled. (O.l inch rainfall 
corresponds to an increase of 1 to 1.2 per cent in moisture content for a layer 6-inch thick.) 
4.8 Detailed Procedures of Typical Road-Mix Construction 
The detailed procedures of typical road-mix construction are described as follows: 
1. Preparation of silt and clay materials: The clay and silt material must be sufficiently 
broken up before adding to the aggregate, so that it will mix in thoroughly. If the material is 
obtained from the roadbed, shoulders, or side slopes, or from nearby shallow borrow pit, a blade 
grader is commonly used to remove the soil by blading it off in thin cuttings. The material is then 
hauled onto the subgrade and spread out to dry. As the material dries, it is thoroughly pulverized 
by the use of a blade grader or some suitable farm equipment such as discs, plows, and toothed 
harrows, or by the use of a roller. All materials must be reduced to the size of less than 1 inch 
in diameter and at least 80 per cent must pass the No. 40 sieve. The degree of pulverization must 
be frequently checked by sieve analysis. After pulverization, the material is windrowed to one 
side of the roadbed ready for use. 
The above procedure usually required one or two warm sunny days. If the soil lumps are too 
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dry, the pulverization may be facilitated by adding enough water to cause them to disintegrate. 
During periods of slow drying or when the silt and clay material is wet and high in clay content, 
the pulverizing procedure may be prolonged. In this case pulverization may be facilitated by plac-
ing a small amount of aggregate material over the soil and disking. This operation not only reduces 
the size of the soil lumps, but also permits more rapid drying and less crushing effort. 
In some cases the silt and clay material is permitted to be pulverized or screened at the 
borrow pit and delivered to the road, dry and powdery. A crusher may be used if the material is 
particularly hard and tough. 
2. Delivery and placing material: The aggregate material must be delivered and distributed 
in sufficient quantity so thaf in combination with the silt and clay material, it produces a desired 
layer of compacted mixture which will meet all the requirements of gradation and physical properties 
(Chapter II). The compacted depth of each lift may vary. A depth equal to It times the size of the 
maximum size aggregate is considered a minimum, while 4-inch compacted depth is commonly a maximum. 
The qnantities of materials for each desired lift can be readily determined following the method 
described in Section 4.2. 
If the pit-run or crusher-run material meeting the specifications is used, the placing is 
simplified since little blending is necessary on the subgrade. If two or more kinds of aggregate 
are to be combined, or if a silt and clay material is to be added, care in delivering and placing 
should be taken to insure uniform distribution of material and to minimize possible segregation. 
Ordinarily one material will be spread on the subgrade in a uniform layer of the required thickness 
and then the other material will be spread over it in a similar manner. The coarser material should 
always be placed first. 
Aggregate materials are commonly hauled and distributed on the subgrade by means of dump 
trucks. Generally a truck will dump enough material in any location to provide full thickness of 
the layer. The dumping distance is dependent upon the capacity of the truck and the quantity of 
each material required per station of construction. It is determined by dividing the former by the 
latter, the resulting distance being expressed in feet. Referring back to the example in Section 
4.2, it is found that 10.44 cubic yards of Material .A and 52.43 cubic yards of Material Bare re-
quired for one station 100-foot long. Thus the total materi~ls required for 100-foot are 62.87 
cubic yards. Let the capacity of the dump truck be 15 cubic yards. Therefore the dumping distance 
d = 15/ (62.87/100) = 23.8 feet. 
A plan suggested to insure more uniform distribution of materials and found adequate on many 
jobs is to calculate the dumping distance for each truck and then triple this distance in the actual 
dumping. Thus in the above example the actual dumping distance 
d' = 23.8 x 3 = 71.4 feet. 
In this method three adjacent passes with different trucks are required to place the total lift. 
Segregation that may take place in the loading of the truck or in the dumping is thus reduced. In 
using this method, the entire operation must be rigidly controlled by a job inspector who accurately 
controls the dumping distance and procedure. 
3. Dry mixing s9il-aggregate materials: After the aggregate material is placed onto the sub-
grade, the proper proportions of the silt and clay material, which has been placed in windrows on 
the shoulders, is brought in and thoroughly mixed with 
the aggregate material before adding any water. This 
process is much needed since properly mixing damp silt 
and clay materials with the aggregate is extremely 
difficult; and failure to intermix these materials to 
a uniform blend will show up later in the road as soft 
spots, depressions, ravelling, or other irregularities. 
Even if only one kind of material is to be used, it is 
desirable to be processed to some extent to overcome 
any non-uniformity in selection at the pit and any 
segregation which may have taken place in the handling. 
However, where stone dust is used as the binding agent, 
commonly no preliminary dry mixing is required. 
Dry mixing of materials in most cases is accomp-
lished with the blade grader alone. In this process, 
the materials are mixed by blading them back and forth 
across the sub~rade until a uniform mixture is obtained. Fig. 4 . 8 
During these operations, care must be taken not to 
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Fig. 4 . 9 Calcium Chloride Spreading 
Equipment 
incorporate an appreciable amount of subgr ade or 
shoulder material i n t he mixture . Somet i mes a disc 
or toothed harrow i s used behind the bl ade grader to 
improve the mixing. The use of a toothed har row, how-
ever, is objectionable to some eng ineers because of 
the tendency of the harrow teeth to bring the lar ger 
aggr egate particles containe d in the mixture to the 
surface. 
Another piece of equipment occasionalJy used in 
mixing soil-aggregate materials on the road is the 
multiple-blade device (Fig . 4.8). This device is 
equipped with a number of retread blades mounted in 
one frame and is generally propelled by a tractor. 
The blades are so arranged that in one pass of the 
equipment as much mixing would be obtained as with 
several passes of the single blade. 
4. Spreading admixtures: If calcium chloride or 
sodium chloride is used as an admixture, it must be 
uniformly spread by a spreader. Many types and styles 
of spreaders can be used (Fig. 4.9). Ordinarily agri-
cultural lime drill-type spreaders are very effective. 
In choosing a spreader, important points to consider 
are the uniformity of the coverage and the ease of ad-
justing the controls to regulate the rate of spread. 
Calcium chloride is added at the rate of about 1/2 
pound per square yard per inch of compacted surface up 
to a maximum of 4 inches. If a surface of more than 4 
inches in thickness is built, the material is added to 
the upper 4 inches only. Sodium chloride is also 
added at about the same rate. 
If portland cement or lime is used, the proportion 
of the admixture required must be determined by proper 
tests. Sacks of admixture are spotted by hand, longi-
tudinally and transversely, at correct spacings to 
provide the required quantity per square yard. The 
material is then dumped from the sacks and is spread 
by hand rakes or other suitable equipment. 
If liquid stabilizing agent is used, it is sprayed on to the soil-aggregate material from pres-
sure distributors. Distributors are made in several sizes, the most common being 600, 800, 1000, 
and 1500 gallons capacity. The functions of a distributor are to apply the liquid stabilizing agent 
to the soil-aggregate material in accurately measured quantities and to maintain the specified rate 
during the application of the entire load. It consists of a pneumatic-tired truck, or a truck-drawn 
trailer, on which is mounted an insulated tank or a tank with a heating system. At the back of the 
tank is attached a system of spray bars and nozzles through which the liquid is forced, under pres-
sure, onto the surface of the area under construction (Fig. 4 . 10). The quantity of the stabilizing 
agent required varies with the type of soil and job conditions and must be predetermined by appro-
priate tests. 
5. Sprinkling and mixing all materials: The material should then be thoroughly mixed by al-
ternately spreading and windrowing with blade graders, or with multiple blade devices or other suit-
able equipment. During the mixing operation, water is evenly distributed over the dry mixed material 
until the total amount present reaches the optimum moisture content of the mixture. The addition of 
water to the mixture is commonly accomplished by sprinkling from a truck-mounted tank with gravity 
sprinkler bars (Fig. 4.11). The capacity of the tank is an important factor affecting construction 
procedure. The length of road to be mixed and subsequently compacted and shaped into place in a day 
is limited to the watering capacity of the equipment on the job. Ordinarily a tank with a capacity 
of at least 1000 gallons is required. The wet mixing process is continued until the mixture has a 
uniform color. This criterion has been widely used as there is no rapid means for determining the 
uniformity of mixing. 
Careful control of the watering operation is indispensible to the successful completion of a 
s oil-aggregate course. The mixture must be brought to or slightly below the optimum moisture at the 
time of laying to obtain the maximum practical density. Rolling of a mixture that is too dry will 
result in lack of density and ultimate stability. On the other hand, a mixture that is too wet will 
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shove under the roller. The optimum moisture content that produces the maximum density of a soil-
aggregate mixture is determined by AASHO standard compaction test (Section 3.15). The method of 
determining the amount of water to be added to a mixture to attain optimum moisture has been des-
cribed earlier (Section 4.3). 
If the mixture becomes too wet because of rainfall or the addition of too much water; blading, 
harrowing, or other manipulation to accelerate drying must be done until the moisture has decreased 
to the desired content. For work done under dry weather conditions, the addition of more water 
than theoretical optimum content is required because of rapid evaporation during road mixing and J 
spreading operations (Section 4.3). The additional water required may be determined in the field 
by actually mixing some soil-aggregate materials. The moisture content lost during the operation 
is the amount that must be pre-added to the mixture. Ordinarily soil-aggregate mixtures require 
at least 8 per cent moisture for effective compaction, which would indicate a requirement of approx-
imately 20 gallons of water per cubic yard of soil 1 aggregate material. Under dry weather conditions, 
experience has shown that 2 to 3 times the theoretical amount may be required. 
6. Laying mixed material on road: The mixture should then be spread across the roadway and 
ready for compaction. A blade grader is used to level the material to proper grade and crown. In 
this connection, special care must be taken to insure that adequate crown is obtained to permit 
quick runoff of water. A modified "A" type crown of 1/2 inch per foot of width is recommended if 
the soil-aggregate course is to serve as a surface course for an indefinite period. If the course 
is to be converted into a base course and such a crown becomes too great, it can be easily bladed 
out prior to placing the pavement. A crown of a circular or parabolic curve should not be used. 
This type of crown provides a near level section in the center of the road that tends to hold 
water, and subsequently causes pot-holes. 
The compaction and finishing procedures are common to all types of construction and are to be 
described later in this chapter. 
4.9 Traveling Plant Construction 
When a traveling plant is used in constructing soil-aggregate roads, the method is not greatly 
different from that of the road-mix construction. The materials are mixed in-place just as the 
road-mix method. However, the operations of mi ' g the soil-aggregate materials, admixtures, and J 
water are accomplished usually in a single pass t he traveling plant. The mixed material is fed 
out of the rear of the machine, spread to uniform ~ 1ickness and ready for compaction. 
The construction procedures is essentially a simplified procedure of road-mix construction 
method and consists of the following steps: 
1. Preparation of silt and clay materials . 
2. Delivery and placing aggregate materials. 
3. Processing and mixing soil-aggregate materials with a traveling plant. 
The major advantages of traveling plant construction are (1) accurate proportioning and uni-
form mixing of materials, (2) short mixing time, and (3) a uniform surface can be obtained. It 
usually has the highest output for a given expenditure for plant and labor. However, a minor 
breakdown on one piece of plant may stop the work and spoil the schedule. The method is normally 
Courtesy E. D. Etnyre & Co. Courtesy Calcium Chloride Institute 
Fig. 4.10 Pressure Distributor Fig . 4.11 Sprinkling by Means of a Water Tr,nk 
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not adaptable to a small project because the initial cost of the plant is high. For the sake of 
economy there is a need for the plant to work continuousl y at full capacit y. 
4 . 10 Typical Traveling Plants 
Traveling plants are available from several different manufacturers and vary somewhat in 
design. The usefulness of these machines is not limited to the construction of soil-aggregate 
r oads alone. In fact most of them are ordinarily used in the production of bituminous wearing 
surfaces. These machines are, in general, so designed that they will pick up materials from a 
windrow, apply and mix the required amount of water and admixture with the soil-aggregate mat erial, 
and spread the mixture in a windrow or uniform layer behind the machine. The processed material 
is usually a uniform mixture with a moisture content close to the optimum as it leaves the plant. 
Several commonly used traveling plants are described as follows: 
1. Barber-Greene Travel Plant: As shown in Fig. 4.12 the plant is composed of two separate 
units, the paving bucket loader and the mixer. The mixer is the heart of the mixing plant. It is 
towed behind the bucket loader, which picks up the windrowed material, elevates, and dumps it into 
the hopper of the mixer. The material then enters a pug-mill through an adjustable apror. gate, 
and water (or a liquid stabilizing agent, if required) is added and mixed into the soil-aggregate 
material . The mixed material is discharged onto the subgrade and deposited in a windrow behind the 
mixing unit, and must be spread in a uniform layer with a blade grader of other equipment. These 
plants are manufactured in several sizes, with capacities up to about 175 cubic yards of mixtures 
per hour. The same mixer unit may be used as a basic part of a central mixing plant which is to 
be described later. 
2. Hetherington and Berner Motor-Paver: This machine operates on principles similar to those 
of the Barber-Greene Machine . It is a single self-propelled unit combining the proportioning, mix-
ing and spreading operations. As shown in Fig. 4.13 at the front of the machine is a large hopper 
f or receiving and temporarily storing the unprocessed material as it is dumped from trucks or 
picked up by a loader. From the hopper the material is fed into the pug-mill mixing unit by means 
of a feed r oller. The water or liquid stabilizing agent is then sprayed into the mixing plant from 
st orage tanks. As the mixing is completed, the processed material is discharged into the spreading 
unit . The spreader is an integral part of the machine and it will lay material up to 7-inch depth 
and in width from 8! to 12 ! feet . The machine travels at a speed ranging from 3 feet per minut e t o 
18 miles per hour . Normally three men are required for operation . 
3 . P . & H. Single-oass Stabilizer: The machine is manufactured by the Harnischfeger Corpor a-
t i on. It is a self-propelled machine mounted on crawler treads and, as shown in Fig . 4 . 14 , wit h a 
processing unit s uspended from the rear . The processing unit consists of four contra-rot ating 
r otors , housed under one hood which can be raised and lowered hydraulically , and are d~ive n by a 
Fig. 4.12 Barber-Greene Travel Plant 
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Fig. 4.13 Hetherington and Berner 
Motor-Paver 
Courtesy Harnischfeger Company 
Fig. 4.14 P & H Single-Pass Stabilizer 
260 horse power unit. The machine advances slowly and the soil is cut out to a limiting depth of 
12 inches. It has separate systems for adding water and liquid stabilizing agent to the required 
amount . Liquids are supplied to the machine by a tank truck which is coupled to and pushed by the 
machine. If other soil-aggregate materials are to be blended with the existing suggrade material 
or admixtures such as calcium chloride are used, they m•1st be spread on the soil in front of the 
machine. 
The entire unit is operated by one man with a helper on the ground to connect and disconnect 
liquid supply trucks. Travel speed of the machine may be as high as 140 feet per minute. Large 
output can be obtained, 8000 square yards per day having been maintained on one job. 
4. Seaman Pulvi-Mixer: The Seaman Pulvi-Mixer is available in three types , namely, Pull-Type 
Pulvi-Mixer, Self-Propelled Pulvi-Mixer, and Self-Propelled Trav-L-Plant. The forward movement of 
the Pull-Type mixer is by means of a crawler or wheel tractor. The machine has a mixing width of 
6 or 7 feet as desired. The Self-Propelled Pulvi-Mixer and Trav-L-Plant are completely self-
powered, the latter being equipped for metering and applying water or liquid stabilizing agent into 
the mixture. These units have a mixing width of 7 feet . In Fig. 4.15 is shown a Self-Propelled 
Pul vi -Mixer. 
The essential working parts of the Pulvi-Mixer are (1) the rotor assembly and (2) the mixing 
chamber (Fig. 4.16). The rotor assembly is the active mixing mechanism which consists of a large 
number of tines and can be lowered into the mixing position by means of a hydraulic ram. The mix-
ing chamber over the rotor acts as a good screed over the loose soil-aggregate mixture. When this 
type of machine is used, the soil-aggregate materials must be dumped on the subgrade and then 
flattened to grade by a blade grader before mixing. If calcium chloride or other admixtures are 
used, they must be applied uniformly over the surface before mixing operation starts so that 
thorough incorporation will be assured during mixing. Proper amounts of water must also be uni-
formly applied before mixing. Ordinarily at least one passage with the machine should be made over 
each position of area. To assure that no part remains unmixed there should be just enough over-
lapping of lane edges. Rolling of the mixed material is generally followed without delay. The 
length of lanes must not be so great as to permit appreciable evaporation between mixing time and 
rolling time. A convenient length is 1200 to 1500 feet. 
4.11 Central Plant Construction 
On projects involving considerable amount of soil-aggregate materials, it is often desirable 
to use central mixing plants for the production of these materials. The plant is normally located 
at the place where the aggregate material is obtained. The size of a central plant is dependent 
upon the output required. The necessary machinery varies according to the nature of the materials 
and the method of processing. 
Central mixing plants are frequently described as being portable, semiportable, or stationary 
in nature. The portable plants are either small units which are self-contained and wheel mounted, 
or large mixing plants in which the separate units can be easily moved from one place to another. 
Semi-portable plants are those plants in which the separate units must be taken down, transported 
on trailers , trucks, or railroad cars to a new location, and then reassembled. The process may 
require from a few hours to several days, depending upon the plant involved. Stationary plants are 
those which are permanently installed in one location and are not designed to be moved from one 
place to another. 
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Regardless of the type of a central mixing plant, the basic operations are essentially the 
same and consist of the following steps: 
1. Pulverizing the silt and clay material. 
2. Proportioning and feeding soil-aggregate materials, water, and admixtures, if desired, 
into a mixer. 
3. Combining and mixing all materials uniformly. 
4. Delivering the mixed material to the site and laying onto the subgrade (Fig. 4.17). 
Before rolling, the mixed material must be spread over the road and struck off to the desired 
shape and thickness with a blade grader. 
Soil-aggregate mixtures produced in this fashion usually cost more than those formed either 
by the road-mix method or the traveling plant method. This is especially true if soil-aggregate 
materials are processed at the road site. This method, however, has been favored by some engineers 
on large projects because of the following advantages: 
1. Accurate proportioning and great uniformity of the mixture. One inspector at the plant 
can easily control the gradation, amount of binder soil, admixture, moisture content and 
the mixing process. 
2. Segregation in loading and dumping trucks is reduced because the material is damp. 
3. Small loss of moisture due to evaporation during mixing and transporting of material. 
Moisture content may more readily be maintained at optimum. 
4. No mixing is required on the road which speeds up operations. 
5. Rollers may be used directly behind the laying operation. This means fewer delays in 
case of rain as material may be compacted quickly. 
4.12 Typical Central Mixing Plants 
In the typical process, the silt and clay material which is to be used as a binder must first 
be pulverized. This is usually accomplished by a disintegrator or pulverizer. The soil is dumped 
into a hopper from which it is fed by gravity onto a conveyor. The conveyor in turn feeds the 
material at a uniform rate to the pulverizer. The pulverizer consists of two pairs of rolls: the 
upper pair have one large-diameter smooth-faced roll operated at low speed and one small-diameter 
rv11 with longitudinal knives set in its face, operated at higher speed; the lower pair, known as 
crusher rolls, are both of the same diameter and are smooth-faced. This pulverizing unit may be 
used with soils having moisture content as high as 20 per cent. Artificial drying of soil prior 
to this operation has not been found necessary, even though the most thorough pulverizing is 
accomplished with dry soil. 
Aggregate materials which have been previously stored in bins are delivered into a mixer along 
with the pulverized soil, water, and admixture. Considering the method in which the materials are 
fed into the mixing unit, central mixing plants are distinguished as batch and continuous flow 
plants. In the batch type of plant, the correct amount of each material, generally determined by 
weight, is fed into the mixing unit of the plant with a clamshell or power shovel. The batch is 
then mixed and discharged from the mixer before the second batch of materials is intorduced. In 
the continuous flow type of plant, the materials are carried by conveyors into a mixing unit. The 
flow of materials is accomplished at a controlled rate, commonly on volumetric basis, so that the 
FORWARD SPILL-OYER 
Courtesy Seaman-Andwall Co. Courtesy Seaman-Andwall Co. 
Fig. 4.15 Seaman Self-Propelled Pulvi-Mixer Fig. 4.16 Essential Workirg Parts oi Pulvi-Mixer 
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Fig . 4 . 17 Laying Plant-Mix Material 
on Road 
Courtesy Iowa Mfg. Co. 
Fig. 4 . 18 Twin Pugmill Mixer 
proper proportions may be maintained. In this method, the materials are continuously fed into the 
mixer, and the mixed material is discharged in a continuous flow. 
The type of mixer most commonly used in a central mixing plant is a twin pugmill. As shown 
in Fig. 4.18, it contains two shafts to which mixing blades are attached at such an angle as to mix 
the materials continuously and convey them through the mixer to an outlet. In a batch type plant 
this unit is mounted directly beneath the weighing box . It must be located high enough so that it 
may discharge the mixed material into a truck or other hauling unit. After dumping materials into 
the mixer through the top, the unit is then closed. Mixing is continued for a fixed length of 
time, then the mixture is discharged into the hauling equipment. In a continuous flow plant the 
same kind of mixing unit is employed. However, the materials are delivered into the mixer at one 
end, and the mixture is continuously discharged at the other. The water is introduced through spray 
bars at the top of the conveyor as it spills the material into the mixer. The principle of the 
continuous mixer is similar to that of the traveling plant. Immobilized traveling plants have 
easily been arranged to serve as central mixing plants. 
As a typical example, there is shown in Fig. 4.19 a portable mixing plant manufactured by 
Hetherington and Berner, Inc. This is a completely portable and self-contained unit. It is wheel-
mounted and includes an aggregate elevator , an aggregate storage bin, weighing equipment, power 
plant, and pugmill mixer. This machine is made in several models with mixer capacities of 600, 
1000, 1250, or 2500 pounds. 
4.13 Compaction of Materials 
Compaction of the soil-aggregate mixture is a very important part of the construction process. 
To obtain the desired result, the soil-aggregate course must be· compacted to the practical maximum 
density. According to the Standard Specifications for Highway Materials of the American Associa-
tion of State Highway Officials, all materials should contain moisture equal or slightly below 
the optimum necessary to insure that the design density requirements are obtained when materials 
are compacted. 4 This compaction requires a judicious use of water and strict control of the com-
pacting operations. The maximum density and the optimum moisture content must be previously deter-
mined in the laboratory by the standard AASHO compaction test (Section 3.15). The procedure is 
identical with that for the determination of compaction characteristics of subgrade soils. 
Various methods have been used in compacting the moistened soil-aggregate course. Pneumatic-
tired rollers and steel wheel rollers have been commonly used (Section 4.5). Some specifications 
call for the use of a pneumatic-tired roller during the initial compaction period, with a three-
wheel steel roller weighing from 6 to 10 tons, used either by itself or in addition to the pneu-
matic types, finishing the operation. With the initial rolling, light blading by means of a blade 
grader is recommended so that uniform compaction and a smooth-riding surface can be obtained. 
Others suggest that soil-aggregate course, immediately after spreading, should be rolled once with 
a steel roller, and all other rolling should be done with pneumatic-tired rollers. 5 It is claimed 
4 American Association of State Highway Officials, Standard Specifications for Highway 
Materials & Methods of Sampling & Testing, (Washington: American Association of State Highway 
Officials, 1955), p. 53. 
5 N. W. McLeod, "The Fundamental Principles of Mechanical Stabilization", Proceedings of 
the Asphalt Paving Technologists, XIV, (1943), 138 . 
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that the initial rolling with a steel roller eliminates any rutting by the pneumatic-tired rollers 
which follow , and removes any necessity for blading to smoothness with a blade grader. 
The method of compaction should consolidate the mixture to the full depth of the layer to 
which it is applied. To assure proper compaction, it is commonly required that the soil-aggregate 
course be constructed in layers not more than 4 inches in compacted thickness. In special cases 
where the mixture is spread in layers of greater thickness, it is advisable to use sheepsfoot roll-
ers (Section 4.5) for the initial compaction. The water content of the soil-aggregate mixture at 
the time of rolling must not bemuch less than the optimum determined by the compaction test. During 
hot, dry weather it may be necessary to water the surface during the compaction period to maintain 
optimum moisture content until the required density is reached. If limestone fines instead of 
soils are used at the binding agent, thoroughly wetting the surface during the final rolling opera-
tion is recommended. Free water showing on the surfaces is a normal condition. This wetting per-
mits fines to be floated to the surface, thus sealing the larger aggregate particles in place. 
This condition must be carefully avoided, however, when binder soil is used, since an excess of 
fine-grained soils may appear on the surface and make the roadway slick. 
Rollers should be operated by competent and experienced rollermen and should be kept in con-
tinuous operation as nearly as practicable in such a manner that all parts of the course receive 
substantially equal compression. Rolling should proceed in a longitudinal direction, beginning at 
the outer edges and working toward the center, each trip overlapping the prior trip by about one-
half the width of the rear roll. When the required density is obtained, each layer of the soil-
aggregate course should be allowed to dry to as low a moisture content as prevailing weather and 
construction conditions permit, before a succeeding layer is constructed. After compacting the 
surface should be true to line and grade and have a tight, uniform surface texture. 
Many acceptable jobs have been completed without the use of a roller, the required compaction 
has been furnished by traffic. Where traffic does the rolling, it is common practice to use a 
blade grader to keep the surface free of rutting during the initial stages of operation. 
4.14 Field Checking, Sampling, and Testing 
The successful construction of soil-aggregate roads requires comprehensive and vigorous job 
inspection and control over every phase of construction. The important items that need constant 
checking are described as follows: 
1. Suitability of materials: To insure a good completed job, soil-agg~egate materials must 
be selected or combined to meet the specification requirements, particularly those of gradation, 
liquid limit and plasticity index (Sections 2.8, 2.9). The engineer must not attempt to determine 
the suitability of materials by visual examination alone in the field. It is preferable to sample 
the materials which seem satisfactory and to base the final decision on test results. The testing 
procedures have been discussed in Chapter II and are given in detail in Appendix B. As the charac-
teristics of borrow pit and subgrades change frequently even in small areas, samples of materials 
must be very carefully selected. Materials having different appearance, color, bedding, etc., must 
be tested separately. If the final mixture is to be composed of two or more materials, complete 
analysis of each material must be made in order that a mixture can be satisfactorily designed. 
Courtesy Hetherington & Berner 
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When a mixture has been selected, a sample of component materi-
als must be mixed in proposed proportions in order to determine 
whether or not the mixture calculated will be satisfactory . 
2. Degree of pulverization of silt and clay materials: 
Before adding to the aggregate material, the silt and clay 
material must be sufficiently pulverized. As previously des-
cribed, all materials must be reduced to such an extent that at 
least 80 per cent will pass the No. 40 sieve. To check this, 
representative samples must be taken and sieved during the 
pulverization process. 
3. Quantities of windrowed materials: For road-mix or 
traveling plant workiqg on windrowed materials, it is necessary 
to check the quantities of the windrowed material and to esti-
mate whether the loose materials are sufficient for the desired 
thickness of the soil-aggregate course. This is accomplished 
by measuring the cross-sectional area of windrowed materials. 
A windrow with 1 square foot end area contains about 200 cubic 
yards of material per mile. The quantities of materials re-
quired must be predetermined by the method previously described 
(Sect ion 4. 2) • 
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4 . Compaction characteristics of materials: The maximum density that may be secured with a 
given soil-a~gregate material must be determined in the laboratory by the standard AASHO compaction 
test prior to construction . Since the compaction characteristics vary with the type of material, 
it is often necesAary to carry out checking tests from time to time during the construction . If 
there is any variation from the results of the preliminary test in the laboratory, proper allowance 
in the use of water and in rolling operations must be made for the variation . 
5. Moisture content of materials: Before wet-mixing materials, samples must be taken for 
the determination of moisture content. If road-mix method is used, the common procedure is to 
take saaples of the materials at a distance of every 300 to 400 feet along the center-line of the 
-site, and determine the moisture content of each. On the basis of the results of compaction tests, 
tentative estimates may then be made of the additional water required, if any, for effective com-
paction. Sprinkling and mixing operations may then begin. After the soil-aggregate materials have 
been wet-mixed, samples are again taken at the sample points as before. This allows an estimation 
of the rate of evaporation and an exact amount of water that is finally required. Toward the end 
of mixing and during compaction, tests are again made at the same points to determine whether or 
not the required moisture content is being maintained and to find out whether there is any drying 
of the surface. At the beginning of a day's work, moisture content is usually determined in order 
to obtain approximate estimate of water requirements for the day and to provide watering facilities 
to meet the demand. 
With traveling plant method the sequence of moisture content determination of materials is 
rather similar to that described above. With the central-plant construction, it is commonly suffi-
cient to sample and test the incoming material and the mixed material produced in a given machine 
at hourly intervals. 
6. Quality of mixed material: The quality of mixed material in the field must be frequently 
checked regarding gradation, liquid limit and plasticity index. Samples are commonly taken at in-
tervals of 100 to 500 feet along the road. Sometimes an additional series of samples is taken 
across the road to insure that the mixing has not concentrated at the center of the lane. If plant 
mixing method is used, the stream of finsihed mixture is usually sampled and tested for every hour 
of plant operation. 
7. Density of the compacted layer: The dry density of the compacted material is generally 
measured every 100 to 500 feet by density checking test (Section 3.15). Dry density checks must 
be carried out after each day's construction to enable adjustments in the compacting procedure to 
be aade. Co11111on practice requires that no dry density be below that specified by more than 5 
pounds per cubic foot. 
4.15 Equipaent for Control Tests 
The principal tests which are necessary for field control include mechanical analysis (gener-
ally sieve analysis will suffice), liquid limit and plastic limit, moisture content, moisture-
density relationships and field density. Test procedures of these tests have been discussed pre-
viously in this Manual and are given in detail in Appendix B. The equipment required for the con-
trol tests is rather simple and is listed as follows: 
1. Minimum equipment necessary: 
l post-hole type soil auger, 4-inch diameter, with extensions . 
l Ii inch, screw-type soil auger, with extensions and couplings. 
l balance or scale of 3~lb. capacity, sensitive to 0.01 lb. 
l balance, lOO-gram capacity, sensitive to 0.1 gram. 
l gasoline stove or other suitable device for drying samples in the field. 
A supply of sampling bags or cans and identification tags. 
l electric constant-temperature oven, capable of maintaining temperature between 
100 and 110 degrees Centigrade. 
l set of standard 8-inch sieves, together with pan and cover; consisting of the 
following sieves: 
l each of the coarse series - 3-inch, 2-inch, Ii-inch, 1-inch, 3/4-inch, and 3/8-inch. 
l each of the fine series - U. S. Nos. 4, 10, 20, 40, and 200. 
l wire brush for cleaning coarse sieves. 
1 fine brush for cleaning fine sieves . 
l thermometer, 0 to 150 degrees Centigrade. 
3 mixing pans , approximately 12 by 24 by 24-inch size. 
4 glass beakers, 100 ml. and 250 ml. capacity. 
l mortar and rubber-covered pestle. 
6 evaporating dishes, assorted sizes. 
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2 spatulas, 4- inch. 
3 graduated cylinders, 100 cc. capa~ ity. 
48 moisture cans. 
1 liquid limit device, complete with gr0oving tool. 
1 plastic limit glass plate. 
2 standard compaction molds, 1/30 cubic foot, complete with collar and base. 
1 standard compaction ramrner, 5rlb., 12-inch drop. 
1 12- inch steel straight-edge. 
1 field density test set, sand method, consisting of sand cone apparatus and jar, field 
density plate, 12-inch spoon, 12 1-gal. cans, 100 pounds standard ottawa sand, sand 
scoop, trowel or other digging tools. (Note: Other similar equipment such as motor 
oil or the rubber-balloon density apparatus may be substituted). 
2. Desirable additions: 
Intermediate sized sieves, as desired; 
Hand or electric sieve shaker. 
Hydrometer analysis set, including soil hydrometer, 100 ml. glass graduate, mechanical 
stirrer and deflocculating agent. 
Sample splitter. 
Standard data sheets. 
Additional sampling equipment as required. 
4.16 Desirable Time of Year for Construction 
The construction of soil-aggregate roads is normally carried out during the season of the year 
when the frost has left the ground and the weather is not continued wet. If the tem~rature is 
below freezing, it will be difficult to properly compact the soil-aggregate material. The mixture 
may become frozen before the maximum density is obtained. In addition, placing a soil-aggregate 
course over frozen subgrade may result in a complete failure of the road structure during the spring 
thaw. If the weather is continued wet, moisture control for effective compaction will become ex-
tremely difficult. The fine soil fraction will be easily manipulated to the surface by the action 
of compaction equipment. The surface will remain rutted and appear to contain an excess of silt 
and clay material. This also causes the compaction period to be excessive and requires consider-
able maintenance before compaction is complete. 
As the climatic conditions vary from place to place there is some difference regarding the 
desirable time of year for the construction of soil-aggregate roads in various parts of the country. 
The Michigan State Highway Department, for instance, requires that all soil-aggr~gate courses be 
placed during the period from April 16 to October 31. Construction during other times must not be 
carried out without authorization. 6 In addition, the soil-aggregate material must not be placed 
when there are indications that the mixture may become frozen before the maximum density is obtain-
ed. Many road agencies do not specify such seasonal limitations, but construction is generally in-
tended to be performed during the spring, summer, and fall months. If traffic is permitted to 
furnish the compaction required, it is usually desirable to complete the construction job in the 
summer months so that ample time is allowed for sufficient consolidation. As a common practice, 
soil-aggregate materials are seldom placed during the periods of spring and fall rains. The con-
struction difficulties under excessive moisture conditions ca11sed by rainfall often necessitate the 
suspension of work. During these periods the material should be stockpiled until favorable weather 
permits the completion of the road construction. 
In cases where soil-aggregate roads must be constr11cted over frozen subgrade, load restrictions 
during the spring thaw should be enforced . Carefully controlled traffic compaction then should be 
allowed to make stable any weak areas which may occur in the subgrade during the transition period. 
If it is necessary to construct soil-aggregate roads during periods of continued wet weather, it is 
generally recommended, first of all, to use the least amount of the silt and clay material required 
and to select a soil such that the finished mixture is at the lower limit of the plasticity index. 
Traffic should be detoured until favorable drying weather is encountered, after which traffic should 
be encouraged to promote rapid compaction. Eliminating the use of deliquescent chemicals such as 
calcium chloride or sodium chloride during the period of wet weather will aid in promoting rapid 
drying of the wet mixture. 
4.17 Feather-Edge Construction vs. Trench Construction 
There are two major forms of construction of soil-aggregate roads according to the manner of 
preparing the subgrade to receive the soil-aggregate course. In one form the subgrade is prepared 
6 Michigan State Highway Department, Standard Specifications for Road and Bridge Construc-
tion, (Lansing: Michigan State Highway Department, 1950), p. 111. 
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Fig. 4.20 Two Types of Soil-Aggregate Road Construction 
with a proper crown and the material is placed either in variable thickness or in uniform thickness, 
extending the full width of the grade but feathering out at the edge. In the other form of con-
struction a trench is excavated in which the material is placed. The soil-aggregate course is made 
of uniform thickness but extends only to the shoulders. The former is commonly referred to as 
feather-edge construction; and the latter, trench construction. In Fig. 4.20 are shown cross 
sections of these two types of construction. 
The feather-edge road provides better drainage from the soil-aggregate course off to the side 
ditches and is normally easier to construct. However, the soil-aggregate material is not held at 
the sides by the shoulders. It is therefore difficult to prevent the material from being pushed 
out by traffic. Furthermore, a feather-edge road with variable surface thickness is satisfactory 
only for roads carrying little traffic where vehicles generally travel in the center of the road, 
because the soil-aggregate course is deepest at the center and tapers off to the sides. When vehi-
cles must continuously use the full width of the road surface, the thin edges fail readily; and to 
maintain a condition under which the entire width of the surface may adequately serve the traffic, 
a surface of uniform thickness must be provided. This requires more soil-aggregate mate1ial than 
the trench method and may offset the advantages of feather-edge construction. 
In trench construction trouble is sometimes encountered by water collecting in the trenches 
and softening the subgrade. This is regarded as one of the principal drawbacks of the method. 
Ample drainage facilities must be provided to overcome this difficulty during construction. On 
account of the occasional trouble with drainage, the greater difficulty of construction, and the 
restricted width of the road surface, it is not so well-liked in most localities as the feather-
edge method. This method, however, does hold the soil-aggregate material in place better so there 
is less material loss under traffic. Furthermore, it provides a layer of soil-aggregate material 
of definite width and uniform thickness for the entire width needed to serve traffic. The uniform 
thickness is especially needed if a bituminous surfacing is to be placed on top of the soil-
aggregate oourse. Many bituminous surfaces have failed because of thin bases under the edges of 
the pavement as a result of building up the base by the feather-edge method of construction. 
4.18 Construction Tips 
Good roads cannot be built by hit or miss methods. Certain basic principles must be carefully 
followed. Endless attention and sound judgment must be used in every phase of the job. The de-
tailed procedures of constructing soil-aggregate roads have been described previously in this chap-
ter. The basic requirements for successful construction are again summarized as follows: 
1. Adequate preparation of subgrade: The subgrade must be sufficiently strong to support the 
traffic loads without serious deformation occurring in either the road surface or the subgrade. It 
must be smoothed, trimmed and compacted to the required alignment, grade, and cross section to re-
ceive the soil-aggregate course. Adequate drainage must be provided for the subgrade. If the 
water table cannot be economically lowered by drainage, it is desirable to raise the finished grade 
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at least 4 feet above t he wa t e r t able . Frost heaving is usually caused by the pr es ence of pockets 
of silt or fine sand in the subgrade . It can be cured by excavating t he pockets to a depth of 
about 4 feet or to the de pth of f r ost pe net r at i on , and bac kfill ing with a non- f r os t he ave soil , 
eithe r a de nse c l ay or coarse sand or gravel . Deposit s of peat and muck are ve r y undesirable under 
a s ubg r ade and must be completely removed. 
2. Proper selection of materials: Materials must be selected according to specification re-
quirements. To obtain the required gradation, liquid limit and plasticity index, it is usually 
necessary to blend two or more materials together. Satisfactory blends must be made with a minimum 
number of materials . The difficulty of securing uniform mixtures increases with the number of 
materials required for the blending operation. The material must be suitable for the type of ser-
vice and for the conditions encountered at the site of construction. The materials should be with-
in economical hauling distances. 
3. Adequate mixing : While road-mixing and traveling plants have been used for mixing opera-
tions, central mixing plants are preferred. because much better control of the mixture is possible. 
Mixing equipment is commonly of the pugmill type, but concrete mixers are also quite satisfactory. 
Either continuous-mix or batch-mix plants may be used. If materials are mixed together in batch 
plants , mixing must be continued until all ingredients are uniformly distributed throughout the 
mixture. 
4. Proper compaction: The finished mixture must be laid in layers, each being 4 inches or 
l ess in compacted thickness. Compaction is accomplished commonly by rolling but sometimes is left 
t o traffic. Three-wheel steel rollers, pneumatic-tired rollers, and occasionally sheepsfoot tamp-
ing r ollers are used. The compaction is controlled by determining the optimum moisture content of 
t he mixture, controlling the moisture content during the mixing operation, and determining the 
de nsity of the compacted layer after compaction. When the required density is obtained, each layer 
must be all owed to dry to as low a moisture content as prevailing weather and construction condi-
tions permit, before a succeeding layer is constructed. 
5. Adequate and active field and laboratory control: During construction comprehensive and 
vigorous laboratory control must be carried out over every phase of construction. Items that are 
necessary to check constantly include suitability of materials , degree of pulverization of silt and 
clay materials, quantities of windrowed materials , compaction characteristics of materials, moisture 
cont e nt of materials , quality of mixed material, and density of compacted layer. 
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V. MAINTENANCE 
5.1 Importance and Purpose of Maintenance 
Proper maintenance is as important as good construction. A road is constructed to provide a 
facility for use by the traveling public. It must be well maintained to keep it always in good 
operating condition . There are disintegrating agents of various kinds that tend to destroy the 
road. No style of construction is sufficiently permanent to admit of the road's being left to take 
care of itself. Variations in climatic conditions alone will cause a road surface to deteriorate 
even in the absence of traffic. In addition, traffic crushes with its weight and tears and abrades 
with its moving wheels. Maintenance is necessary to counteract these forces. It has the dual pur-
pose of (1) insuring the safety, comfort and economy of vehicle operat ion and (2) conserving the 
public investment in road improvement. 
Proper maintenance requires that continuing inspection be made of the functioning of the vari-
ous parts of the road, and that necessary operations be performed as soon as defects are observed. 
Delay of maintenance operations may mean a complete rebuilding job instead of an inexpensive main-
tenance operation. The fact is that road conditions become either IJetter or worse, dependir.p; upon 
whether or not maintenance has been done. Maintenance may make road conditions better; lack of 
maintenance is sure to make them rapidly worse (Fig. 5.1). 
It must be realized that a reasonable expenditure for road maintenance is always a good invest-
ment for any community. It gives direct returns to the road users by savin5s in the cost of vehicle 
ope rat ion, in addition to that prodlJced by keeping the oriiinal investment j ntact. Expe~ience has 
shown that operating a vehicle over a smooth, well maintained road costs much lei:.s thaa that over a 
rough, pot-holed, uneven road surface. Furthermore, we l ~ maintained roads lessen th€ time sj)ent 
between the start of a trip and its goal. Since conve nience and econon.y of travel are the common 
demand of road users, mone y properly spe, t for maintenance should never fail to meet with the popu-
lar approval of the traveling public . 
5.2 Mainten~nce of Soil-Aggregate Roads 
Maintenance work on sc il-ag~regate roads may be divided into two major items: (1) maintenance 
of road surface, and (2) ma intenance of shoulders, ditches, side slopes, and other important fea-
tures in the roadway and ad jacent areas. The maintenance of structures such as bridges, culverts, 
retaining wal1s, guardrails , etc., is also a mat tP r of importance. The work, however , generally 
calls for special operation requiring individual engineering. Such a discussion is not within the 
scope of this Manual and will not be attempted h9re. 
The maintenance of road surface incl ude;o all work necessary to keep the surface in the best 
possible condition for the use of traffic. It constitutes the major part of maintenance on soil-
aggregate roads. The basic principles underlying the operations are (1) keeping the surface smooth, 
firm and free of excessive loose material, (2) maintaining the proper crowu to permit the rapid run-
off of surface water, (3) preserving the original thickness of road surface to carry the weight of 
traffic, and (4) applying dust palliatives, where feasible, to minimize the loss of surface material 
and reduce the dust nuisance. Ordinary maintenance work con-
sists of (1) blading and dragging, (2) patching and repairing 
soft and unstable areas, (3) scarifying, r eshaping, and re-
storing material losses, (4) applying dust palliatives, and 
(5) bituminous surface treatment. Surface maintenance must 
be started as soon as the construction is completed. Not 
much maintenance is required, however, where soil-aggregate 
courses are scheduled to be surfaced with bituminous material 
within a few days after placing the soil-aggregate course. 
The maintenance of shoulders, ditches, side slopes and 
r oadsides constitutes the care of the area between the road 
surface and the limits of the right-of-way. The activities 
include shaping and repairing the shoulders, keeping the 
dit ches clean and their outlets open, preventing erosion of 
slopes, the control and cutting of weeds and removal of 
debris from the sides of the road, the filling of holes and 
gullies that may develop, and the care and control of trees 
and shrubs. Many problems of surface maintenance can often 
be traced to the lack of maintenance of these features. 
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Fig. 5.1 Road Lacking of Proper 
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They must continue to perform satisfactorily the fnnction for which they are designed if good per-
formance is to be expected from the road as a whole. 
During the winter season snow removal and ice control are often the principal activities of 
maintenance in Illinois, as they are in most northern states. The work includes removal of the 
snow itself, measures for preventing drifts, and applying abrasives such as sand on icy road sur-
faces or pavements. The problem is not uniform in all sections of the state and requires slightly 
different techniqnes to obtain proper control. In areas subject to heavy snowfall, a large annual 
expenditure is often required for maintaining important roads during the winter period. 
5.3 Drainage Problems 
The importance of proper drainage and its effect on the year-round service of a soil-aggre-
gate road cannot be overemphasized. A soil-aggregate material softens and ruts under normal load-
ings in the presence of water. No road, however well made otherwise, can endure if the water 
collects or remains on it. Water is undoubtedly a great enemy of good roads. To constantly get 
rid of the water as quickly and as fully as possible by maintaining an adequate drainage system, is 
a part of the secret of success in the maintenance of a soil-aggregate road. 
Drainage problems must be considered in many phases of the over-all development of a road 
facility ranging from the design of cross section down through the construction stage to the final 
shaping of the surface and shoulder slopes (Sections 3.11, 3.12, 4.4, A.5, A.6, A.7). Many drain-
age problems can be solved if precautions are used in the design and construction stages. Avoid-
ance of areas of adverse soil conditions in locating a road may greatly decrease maintenance re-
quirements for drainage. Using the existing water courses or natural drainage characteristics to 
an advantage may also reduce maintenance costs. In the design and construction stage, careful con-
sideration must be given to soil characteristics as well as to the elevation of grade line; shape, 
size, and slope of side ditches; size and location of under-drains; slope of cut and embankment 
sections; and sometimes locations and sizes of culverts and bridges. It must be realized that a 
road built without proper drainage becomes an expensive problem. The maintenance expenses may 
amount to much more in dollars and cents than the cost of an adequate drainage system built during 
the time of the road construction. The old proverb, "An ounce of prevention is worth a pound of 
cure", is always applicable to road drainage problems. 
In many cases where the necessary precautions were neglected during the design and construc-
tion stage, the problem of maintenance is to counteract the absence of these essential features. 
In this connection, the cause of bad drainage must first be determined before any corrective mea-
sure being taken. To correct the effect rather than the cause of bad drainage is a common mistake 
and must be avoided. It usually results in a higher maintenance cost in the long run, because re-
pairing operations may be required for the same road section year after year. In other cases where 
all necessary drainage facilities have been provided, the problem of maintenance is to keep these 
facilities functioning properly. A road cannot remain well drained or free of drainage problems 
unless the drainage system is maintained and continues to function in a satisfactory manner. The 
surface of the road must always be crowned properly and kept smooth to facilitate the rapid runoff 
of surface water to the sides. Berms or windrows along the edges of the road surface or any irreg-
ularities on the road surface will interfere with rapid flow of water to ditches and must be 
Courtesy J. W. Spencer 
Fig. 5.2 Road Surface with Corrugations 
Being Developed 
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Fig. 5.3 Truck with Underbody Blade 
avoided. Adequate ditches must be maintained to carry the water from the surface to designated 
points where it can be carried away with proper drainage structures such as culverts and bridges. 
In short , all drainage facilities must be regularly inspected; and where the flow is obstructed, 
corrective measures must be immediately taken. The entire system must be so maintained as to han-
dle heavy rainfalls and to function properly under all conditions even under winter conditions of 
ice and snow. Observation of actual conditions at times of heav~ rains and high water should give 
the best indications of the ability of the drainage system to properly perform its function. 
5.4 Blading and Dragging of the Road Surface 
Blading and dragging are the most impor-
tant maintenance operations commonly applied to 
soil-aggregate surfaces. While both have as 
their objective the filling of ruts and smooth-
ing of the surface, blading usually also implies 
reshaping the road surface to the proper crown 
as constructed. A frequent adverse condition 
in the soil-aggregate road surface is the 
corrugation or washboard formation. In Fig. 5.2 
is shown a road surface with corrugations being 
developed. These corrugations increase with 
traffic; and adequate and continuous blading 
and dragging is .the only safeguard against this 
problem. 
The principal difference between blading 
and dragging is the equipment used. Blading 
is suaully accomplished by the use of a blade 
grader which may be either self-propelled or 
drawn by a truck or tractor. Much use is made Fig . 5 .4 Road Drag Constructed of Sawed Lumber 
nowadays of the self-propelled blade grader 
because of its convenience and capacity of performing other maintenance operations such as shaping 
shoulders, cleaning and shaping ditches, and similar work. Trucks with underbody blades may also 
be used for blading work. This equipment is usually attached to four-wheel drive trucks for in-
creased power and is hydraulically operated from the truck cab (Fig. 5.3). Dragging of road sur-
face is usually accomplished by the . use of a road drag or maintainer. It consists of a series of 
blades attached to a rigid frame, and is commonly pulled by a truck or tractor. It may be weighted 
if more cutting of the surface is desired. Many types of drags have been built for various types 
of dragging operations. Three commonly used types are shown in Figs. 5.4 and 5.5. 
The maintenance operation is usually accomplished by blading or dragging the surface material 
from the edges toward the center and then drawing the loosened material back again, depositing it 
in the depressed areas. After spreading the loosened material uniformly over the road, traffic or 
rollers are used for recompaction. During the operation the blades or drags must be set deeply 
eno~h to cut off the ridges of the corrugations or pot-holes. Caution must also be used to avoid 
losing an appreciable amount of fine soil in the loosened material or bringing objectionable ma-
terial from the shoulders or side ditches onto the surface. Proper amount of additional material 
may be brought from the shoulders, however, if it is required and is suitable for use. Sometimes 
a satisfactory soil from other sources is collected in a small windrow on the shoulders where it 
may be dried, pulverized and held available for use at the proper time. Care must be exercised, 
in this connection, not to make the windrow a traffic hazard or an obstruction to surface drainage 
or rain water. 
A soil-aggregate road surface should be bladed or dragged periodically to keep it smooth. The 
operations should be done as soon as practicable after a rain, because the moist material will com-
pact better. These operations, if performed on surfaces which are too dry and dusty, may do more 
harm than good. Large aggregate particles will be torn loose, leaving pits for the accumulation 
of water when a rain comes. Loosened surface material will not recompact while dry, and traffic 
will grind the material into dust to be blown away or will throw it to the shoulders or ditches, 
leaving the surface in a rough and unsatisfactory condition. If blading and dragging must be per-
formed during dry weather, the road surface should be thoroughly wetted by sprinkling before 
starting any of these operations. A less desirable but commonly used method is to leave the sur-
plus loose material on the edges of the surface and blade it back again during wet weather or when 
the material is moist. 
During winter or in rainy weather, ruts and pot-holes (Fig. 5.6) are likely to develop in the 
surface of soil-aggregate roads and must be corrected by blading or dragging. The operation should 
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Fig. 5.6 Potholes on Soil-Aggregate 
Road Surface 
not be performed, however, except during times when the 
surface material has enough moisture in it to facilitate 
proper compaction , yet it is not so wet as to become 
muddy and slippery. When the rain is falling or the sur-
face is extremely wet, the unstable material on the sur-
face may be bladed to the sides and l€ft there. As soon 
as the mat e rial has dried enough to recompact, it should 
be bladed back on to the surface and properly shaped. 1 
To insure adequate surface drainage, a proper crown 
should always be maintained. The crown may vary from 1/ 4 
inch to 1/2 inch per foot, depending on the type of soil-
aggregate material, the steepness of the grade and whether 
the section is in cut or fill (Section A.5). As describ-
ed in Appendix A, a flat "A" crown is generally used on 
pervious surfaces except on curves where superelevation 
is provided. Blading or dragging operations should not 
only avoid reduction of crown, but should aim to increase 
the crown on any sections which were originally built too 
flat . 
5.5 Repairing and Patching Soft an~ Unstable Areas 
In many cases a soil-aggregate road as a whole will 
remain stable for the greater part of the year with the 
exception of certain soft spots or unstable areas which 
constantly develop in the road surface. The failure of 
such sections can usually be attributed to (1) lack of 
proper drainage , (2) poorly mixed soil-aggregate surface 
material, (3) insufficient thickness of road surface or 
(4) bad exposure. Maintenance men must familiarize them-
selves with these soft and unstable areas. A careful 
investigation must be made to ascertain the cause of the 
failure and to determine corrective measures required to 
remedy the condition. 
Lack of proper drainage may be due to the failure of 
maintaining the proper crown. Quite often a soft spot is 
caused by a plugged drainage pipe, an imporoperly placed 
drainage pipe, or the lack of a drainage pipe. It may 
also be due to a swampy condition adjacent to the roadway, 
in which instances an underdrain may solve the problem. 
It may also be due to shallow side ditches keeping the 
water table up . At all events, proper surface and sub-
surface drainage should be provided before the soft or 
unstable area is repaired (Section 3.12). In case the 
subgrade conditions are such that drainage will not remedy 
the condition, it may also be necessary to remove the 
subgrade material and replace it with a coarser material. 
In this connection, the coarser material is usually added 
for the full width of the road bed, from ditch line to 
ditch line, in order to provide proper drainage. 
When road failure is due to a poorly mixed soil-
aggregate surface material, the remedy is to remove the 
unsuitable material and replace it with suitable material. 
If the area is small, the surface material over the 
affected area must be made rectangular and the sides of 
the hole made vertical (Fig. 5.7). It is good practice 
in patching surfaces to use materials similar in grada-
tion and character to those used in construction. However, 
if these materials are not readily obtainable, suitable 
1 B. R. Downey, "Soil-Control in Consolidated Maintenance" , Proceedings Highwa.x.__R_esearch 
Board, XXI (1941), 318. 
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materials with similar characteristics can be used ~ Hand m1x1ng is usually employed when the 
patches are small and relatively few in number. After being placed, the patching material must be 
thoroughly tamped. When the patch is 4 inches or more in depth, it is advisable to fill and com-
pact the materials in layers of 3 inches or less.3 If the area to be repaired is large, or where 
the surface is worn away, it may be better to scarify, and reshape the surface, with the necessary 
material added. The procedure of this operation is described in Section 5.6. 
If a major portion of the surface tends to become soft, an insufficient thickness of the soil-
aggregate course is indicated. A typical failure of this type is shown in Fig. 5.8. In this 
connection, the best solution is to plan for additional soil-aggregate material over the entire 
area. Before adding the surface material, caution must be used to check and bring up to standard 
the drainage condition on the section. 
In some cases soft spots in the road surface are attributed to shaded areas of the road sec-
t ion. The accumulation of snow or moisture in shaded areas produces a prolonged wet section of 
road which does not readily dry out. This may be corrected by cleaning the right-of-way of over-
hanging trees or bushes to let the sunshine in to dry the soil-aggregate material. The procedures 
of this operation will be described in Section 5.10 regarding the care and control of trees and 
shrubs. 
5.6 Scarifying and Resurfacing 
When a road surface is so irregular that traffic cannot use it in safety and comfort, scarify-
ing and resurfacing may become necessary. The immediate conditions which require these operations 
are large number or large area of pot-holes or deep ruts, serious corrugations or washboard forma-
tions, or extensive areas of disintegration. The usual procedure is to scarify the entire surface 
to the full depth of the surface material. It is preferred by some engineers, however, that the 
depth of scarifying be only sufficient to correct or get to the bottom of the irregularities, and 
care be taken to loosen no more of the existing compacted surface than is necessary. 
Scarifying or loosening of the old surface is usually done by a blade grader and sometimes by 
the use of suitable farm equipment such as discs, plows, and toothed harrows. Deep scarifying to 
the subgrade must be avoided. Proper care must be exercised so that any undesirable material from 
the shoulders is not mixed with the surface material. The loosened material must be processed 
until the lumps are adequately broken, and any oversize aggregate or object from the scarified 
material must be removed . Sometimes additional material, either fine or coarse or in combination, 
may be required to improve the surface material. For instance, a fine grained soil is added to 
road sections where an excess of coarse aggregate is encountered to lessen the formation of corru-
gations. Likewise, where an excess of fine material exists, the addition of angular coarse ma-
terial and a reduction of fine grained material tend to alleviate this condition. When additional 
material must be added, it should be selected with care. The select ion of new materials should 
usually be based on visual inspection and a knowledge of local materials . Laboratory and field 
testing of the materials are generally necessary, however, if the road section being repaired is 
of considerable extent. 
Following the scarifying and addition of necessary 
new materials, the materials are uniformly mixed with 
blade graders, discs, toothed harrows, or any other 
suitable mixing equipment. A blade grader is then 
used to shape the road surface to proper crown and 
thickness. The necessary compaction may be accom-
plished by permitting traffic to use the surface while 
continuing blading or dragging operations, or by 
rolling and watering, if necessary, until the sur-
face is thoroughly compacted. The types of com-
pacting and watering equipment have been described 
previously in Chapter IV. 
Scarifying and resurfacing operations are also 
performed on road sections where a large amount of 
EXCAVATION 
SURFACE COURSE 
SUBGRAOE 
Fig. 5.7 Excavation for Patching Small 
Unstable Spots 
2 An indication of suitable materials for soil-aggregate roads is shown in Sections 2 . 8 and 2.9. 
3The above procedure is also employed to fill pot-holes which are not properly filled by 
ordinary blading and dragging. In prolonged dry periods when blading or dragging is undesirable, 
any scattered pits developed in road surface may be eliminated by hand patching to preserve smooth 
riding qualities. 
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Courtesy J. W. Spencer 
Fig. 5.8 Large Soft Areas Where an Insufficient 
Thickness of the Soil-Aggregate Course 
is Indicated 
Courtesy Calcium Chloride Institute 
Fig. 5.9 Loose Aggregate and Uneven Sur-
face Due to Lack of Sufficient 
Binder Soil 
loose aggregate material exists. Loose material on the road surface normally indicates one of two 
things: either there has been segregation taking place during blading or dragging, or the surface 
material lacks sufficient clay material to bind it in place properly. If the surface as a whole is 
tightly bound and loose aggregate material occurs only in spots, segregation has been taking place. 
The top few inches must be scarified, re-mixed and re-compacted. If the surface material lacks 
fines (Fig. 5.9), it must be scarified to a depth of a few inches and a proper amount of suitable 
binder material added to it. In processing and re-laying the surface material, it is usually wetted 
and then compacted while quite damp. This is beneficial because the water prevents segregation and 
assists greatly in getting a tightly bound and stable surface. 
Scarifying and resurfacing are generally done during the season of the year when traffic is 
light, since the operations may make the road temporarily impassible to traffic. The season of the 
year usually selected is soon after the frost has left the ground and before heavy summer traffic 
begins , or before freezing begins in the fall of the year and after the peak of the summer traffic. 
5.7 Applying Dust Palliatives 
The dust on the soil-aggregate road is a great hazard to safe travel and a serious nuisance to 
the residents along the road. It arises when the fine material in the surface is looser.~d by 
traffic and whipped into the air, and the quantity increases with traffic. While a tightly bound 
surface with well graded material may show less trouble from this source, dust problem is common 
to all soil-aggregate roads where traffic reaches 50-100 vehicles per day. For roads carrying a 
traffic heavier than the above limit, the application of dust palliatives is generally in demand 
and should receive prompt attention by the maintenance forces. 
The materials most commonly used as dust palliatives are calcium chloride and bituminous sub-
stances. Occasionally sodium chloride has been used. Water is sometimes effective; but due to 
the brief period of efficiency of one application, its usage is much limited from an economical 
standpoint. All the commonly used dust palliatives have the dual function of eliminating the dust 
nuisance and preserving the material of the surface. Field studies have shown that the annual wear 
on untreated soil-aggregate roads is equivalent to! to 1 inch of surfacing material, which, in the 
case of an 18-foot surface, would be 150-300 cubic yards per mile. The application of palliatives 
may reduce this loss to 23.5 cubic yards per mile. 4 A comparison can readily be made between the 
cost of adding surface material and the application of a dust palliative. The insurance against 
dust hazard for the free flow of traffic is also a valuable contribution to driving safety. 
Calcium chloride is a white, hygroscopic and deliquescent salt; it attracts moisture from the 
air and dissolves itself in the moisture which it attracts. When calcium chloride is spread over 
the road, it absorbs and holds water 2 to 5 times its weight and thus serves to keep the surface 
damp and dustless for prolonged periods. Even in dry weather, it is capable of absorbing suffi-
cient amount of moisture from the air during periods of high humidity of the night to maintain a 
dustless surface during the day. 
4 E. M. Baylard, "Performance Study of Calcium Chloride Treated Roads", Proceedings Highway 
Research Board, XXXI (1952), 336-348. 
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Calcium chloride i s commonl y applied dry, using mechanical spreaders. The best t ime to apply 
the materia l i s following a r ai n and afte r any necessary bl ading or patching oper ations are com-
pleted. If it is necessary to appl y calcium chloride during very dry we at he r , good r esults can be 
obtained by making the application at night or in the very early morning. Water may be added to 
the surface before applying calcium chloride , if suitable equipment is available. In some cases a 
solution containing the chemical at desired concentration may be applied to the surface . The 
i nitial application at a rate of from one pound to one and a half pounds per square yard is usuall y 
made in the spring when dust begins to appear. Later applications are usually made in lighter 
quantities during the summer months. The total amount for a season varies from l! to 2! pounds per 
square yard , depending upon the rainfall, traffic and humidity, as well as the nature of the binder 
soil and condition of the road surface. Shaded areas require less amounts of palliatives than do 
areas exposed to the sun. Roads in lower lying sections do not need as heavy applications as high 
and dry sections. In case a thorough treatment is not necessary, spot treatment of curves, grades, 
intersections, front of schools, churches, residences, and other places taking heavier wear may 
prove to be highly beneficial. 
The effectiveness of the calcium chloride treatment is largely dependent upon the condition of 
the road surface before the application of the chemical. It has been known that calcium chloride 
remains effective for much longer periods in a soil-aggregate material having a clay binder than in 
a material having a sandy filler, and a road surface lacking sufficient binder soil is impossible 
to give best results. Experience has also shown that flat spots on road surface will result in 
pot-holes, and the presence of loose aggregate particles tends to shorten the useful life of a 
treatment. What is needed for effective calcium chloride treatment is apparently a road surface 
that is damp, thoroughly compacted and free from loose material. 
Sodium chloride or common salt has, on occasion, been used as a dust layer. It has the 
property of retarding evaporation; but it does not absorb moisture from the air except under cer-
tain conditions of humidity. For this reason, the road surface should contain proper amount of 
moisture when the treatment is made. If the surface does not contain enough moisture, it should be 
sprinkled just prior to the treatment. The same methods of application used for calcium chloride 
are satisfactory for sodium chloride. It is usually mixed into the top ! inch to 2 inches of the 
surface material at the rate of 2! to 3 pounds per square yard. 
Various bituminous materials are frequently used as dust palliatives on soil-aggregate roads. 
They include tars RT-1 and RT-2; slow curing road oils SC-0, SC-1, and SC-2 ; medium curing cutbacks 
K:-0 and MC-1; and diluted emulsified asphalt SS; These materials partially waterproof the surface, 
reducing evaporation and aid in maintaining stability. The rate of application is controlled by 
the condition and density of the road surface. As a general rule, the amount increases as the sur-
face density decreases. The quantity varies from 0.25 gallon per square yard on dense surfaces to 
0.50 gallon per square yard on those of the open texture. 
The application of the liquid bituminous material is made with a mechanical pressure distribu-
tor (Fig. 4.10) . The road surface must be fairly dry and free from dust when the bituminous ma-
terial is applied, except when an emulsion is used, when the presence of some moisture is desirable. 
To reduce inconvenience to traffic, the road surface, if wide enough, should be treated one-half 
at a time and traffic kept off the treated area during a curing period. Applications must prefer-
ably be made during favorable weather conditions with a few hours allowed for the materials to 
cure . If this is impossible, a light coating of coarse sand should be spread over the treated 
surface before the road is opened to traffic. 
In addition to the materials described above, lignin has been used in certain areas where 
available for dust-laying purposes. Lignin is a sulphite, and is one of the waste products in 
paper manufacture. It is diluted with water, as it comes from the plant, and sprayed onto the road 
surface. It is applied at the rate of ! gallon per square yard every spring and may be effective 
for one season as a dust layer. 
5.8 Bituminous Surface Treatment 
When the traffic on a soil-aggregate road has reached the amount such that the application of 
dust palliatives will not prevent the road from rapid disintegration! bituminous surface treatment 
is usually applied to protect the investment and to provide added service to traffic. The treatment 
consists of an application of a thin surface of bituminous material covered by mineral aggregates , 
t he t otal thickness of such treatment usually being not more than 1 inch. The principal functions 
are to protect the unde rlying laye r from the raveling and abrasive action of traff i c and to prevent 
or greatly minimize the penetration of surface water int o the road surface. The treatment does 
not change the classification of road surface. It is not of such depth or thickness in itself as 
t o impart stre ngth t o the surface. It me r?.ly provides mor e stabilit y than a bituminous dust 
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palliative, and is in no way equivalent to a bituminous mat of a bituminous pavement. 
Bituminous materials for surface treatment may be (1) hot asphalt cements, (2) liquid as-
phaltic mat er ials including slow curing road oils, medium curing cutback asphalts, and rapid curing 
cutback asphalts , (3) asphaltic emulsions, (4) straight run or blended tars, and (5) tar cutbacks. 
The selection of the type and particular grade of material for a g iven project is largely dependent 
upon previous experience and engineering judgment. More favorabl e r esults may be obtained by 
applying a thin coat of less viscous material and following with a heavier bitume n. The amount of 
bituminous material in use generally varies from 0.20 to 0.50 gal lon per square yard of surface. 
Occasionally the amount may be more than 0.50 gallon per square yard, with a figure of 0.75 or 0.80 
gallon representing the upper limit of material which may be required. 
The bituminous material is applied at a uniform, specified rate by means of a pressure dis-
tributor. The material shm1ld be applied at the correct temperature for th~ grade which is being 
used. Before the application, the road surface must be brought to a satisfactory condition. This 
may involve the correction of depressions or holes in the surface which require patching, or the 
removal of minor surface irregularities by the scarifying and recompacting of the soil-aggregate 
course. The loose material, excess amounts of dust and other foreign matter must be completely 
removed. Both the subgrade and the soil-aggregate courses should be of sufficient strength to 
carry the traffic loads and should be well drained. Above all, the material of the existing road 
surface must be tested for gradation and plastic and liquid limits . If it does not have grading and 
plasticity characteristics conforming to base course requirements (Sections 2.7, 2.8, 2.9), the 
surface must first be scarified and necessary aggregate or soil material be added to correct the 
deficiencies before applying any bituminous material. 
Immediately after the application of the bituminous material, a cover material of mineral 
aggregate is usually spread over the top. The quantity of mineral aggregate used may vary from 10 
to 35 pounds per square yard. Commonly used aggregates in this type of construction are crushed 
rock, crushed gravel and crushed slag. The aggregate must have desirable degree of hardness and 
wearing qualities and must also react favorably in combination with bituminous materials. The size 
of the aggregate may vary from that of the sand to about 3/4 inch. The lighter bituminous ma-
terials normally require a fine aggregate cover while the heavier material should have a relative-
ly coarser aggregate cover. Cover materials are ordinarily spread from dump trucks, usually 
through a spreading device which assures the desired distribution. In order to avoid the rubber 
tires from picking up the freshly applied bituminous material, trucks are commonly moved backward 
when applying the mineral aggregate (Fig. 5.10). To distribute the mineral aggregate uniformly 
over the surface, a broom drag (Fig. 5.11) is frequently used after the application of the aggre-
gate. A light rolling usually follows the brooming. A light roller weighing from 4 to 6 tons is 
satisfactory. 
The best time for bituminous surface treatment is during good sunny weather when there is no 
wind and when the surface is dry and clean. The chances of failure are high if construction is 
attempted during cold or wet weather. In very hot weather, the aggregate will tend to absorb 
even heavy liquid asphaltic materials and may not leave enough on the surface to tie down the 
intended cover coat. Under such conditions the application should be increased. 
Once a surface is treated with a bituminous material, the maintenance operations are some-
what changed. Blading and dragging are eliminated and the application of dust palliatives is by 
no means necessary. However, scarifying, reshaping, and repairing the soft and unstable areas 
may occasionally be required. If the traffic on the road continues to increase, it may reach the 
stage where even bituminous surface treatment may fail to keep the road in satisfactory condition. 
In such a case, converting the soil-aggregate road into a higher type pavement is usually the only 
solution. 
Courtesy Asphalt Institute 
Fig. 5.10 Spreading Cover Material for 
Bituminous Surface Treatment 
5.9 Maintenance of Shoulders, Side Ditches and Side 
Slopes 
Shoulders must be properly maintained to secure 
drainage of the road surface to the side ditches and to 
provide an additional width for the traveled surface in 
cases of emergency. If a shoulder is too high, water is 
retained on the edge of the road surface which will 
soften the road material. If a shoulder is too low, or if 
ruts and holes are permitted to remain in the shoulder at 
or near the edge of the road surface, a serious traffic 
hazard is created. Water retained in such ruts or holes 
will also soak into the subgrade to reduce its load 
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carrying capacity . 
The maintenance of shoulders generally follows a 
pattern similar to that of soil-agg regate surfaces, 
and includes the blading and dragging of the 
shoulder surface for the proper slope and the 
filling of any ruts that may occur. At 
periodic intervals it may also be necessary 
to replace worn out and lost materials. The 
shoulders must always allow free drainage from 
the surface. Berms or windrows on top of 
shoulders must be avoided. Depositing the 
bladed soft material from the road surface onto Fig. 5 · 11 Broom Drag 
the shoulder is a very bad practice commonly observed in the field (Fig. 5.12). This prevents all 
drainage from the surface and the material will become progressively softer. The tendency for 
weeds to grow through the shoulder should also be eliminated. Growth of weeds and grass not only 
hinders free drainage; it also leads to reduced sight distance in the summer and may in the winter 
aggravate snow deposits on the roadway, when the growth is high. Consideration should also be 
given to the maintenance of mailbox turnouts which exist in most rural areas. They must be well 
maintained to prevent rutting and to provide an all weather approach to the mailbox. 
The purpose of side ditches is to lower the water table and to remove the water from the 
roadway. It is essential, therefore, that they be kept cleaned out at all times. Materials de-
posited in ditches may be dead weeds and grass, corn stalks, and soil materials due to erosion from 
adjacent fields and from sloughing of cut slopes. They must be removed from the ditch to prevent 
the formation of ponds at the road side and the consequent saturation of the roadbed. Ditches with 
a V-shaped cross section are blocked more readily than those of a trapezoidal section but can 
usually be cleaned by means of a blade grader (Fig. 5.13). Those having a trapezoidal cross sec-
tion generally require hand cleaning. The material removed is generally not suitable to use in 
the dressing of shoulders and must not be deposited on the roadway but be loaded into trucks and 
deposited elsewhere. It can often be used to advantage in widening embanlonent road sections. Ex-
cessive erosion of ditches frequently is an annoying problem, and its elimination may require the 
construction of paved ditches or ditch checks (Section A.7). It must be noted that ditch main-
tenance is a continuous job and should be accomplished among the first of the mainteance jobs. 
Another maintenance problem that may become serious and require considerable attention is the 
protection of side slopes against erosion. In most cases side slope erosion is caused by permitting 
surface water to pond or concentrate at the top of the slope and then break over in a small area. 
The solution lies in utilizing some methods of transferring the drainage water along a surface not 
subject to erosion, to the foot of the slope, or in intercepting the surface runoff from adjacent 
fields before it reaches the roadway. In shallow fills, sod will generally prevent erosion on 
side slopes . Grass should be used instead of plants that will grow to considerable heights. On 
some high fills and cuts on steep slopes, surface water must be collected in gutters and removed 
from the roadway in some sort of sodded or paved spillway (Fig. 5.14). In cases of slides and 
sloughing, more extensive corrective measures are often necessary. Practically all problems of 
this kind are due to lack of adequate drainage. Wherever there is any indication of such a failure, 
the first thing is to look for water, and the second thing is to intercept water (Section 3.12). 
In all cases side slopes must be given an inclination that will maintain the stability of the soil. 
Often times it is advantageous to increase the stability of a fill slope by adding more material to 
widen the bottom of the fill. 
5.10 Weed Eradication and Care of Trees and Shrubs 
It is desirable to remove weeds and cut high grass 
along the roadway, not only from the view point of appear-
ance but also because such operations increase driving 
safety and facilitate drainage. These operations should 
be started as soon as the grass or weeds are high enough 
to be cut and should be continued at periodic intervals 
when necessary. Methods of doing this type of work vary 
according to the nature of the ground surface. While 
power mowers may be used to advantage where ground condi-
tions permit (Fig. 5.15), uneven ground and the presence 
of ditches and steep side slopes generally require working 
by hand . Numerous chemical treatments have been developed 
for the control of weeds . They are usually sprayed from 
a truck or distributor over the area to be treated. 
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Courtesy J. W. Spencer 
Fig . 5.12 Surface Water Obstructed by 
Deposit of Materials on 
Shoulders 
------ - ---- ----- --- -- ----
Courtesy Galion Iron Works & Mfg. Co. 
Fig. 5.13 Ditch Maintenance with a Blade 
Grader 
Courtesy Worthington Mower Co. 
Fig. 5.15 Power Mower 
Burning of weeds is generally performed by a direct flame and is usually restricted to small areas. 
To provide adequat~ and necessary sight distance on curves or at intersections, the presence 
of tall hedges and the planting of high crops in these locations should be prohibited. These 
objects are detrimental also because they retain the dust in a dry time, retard the drying of the 
road in a wet time, and lead to increased snow piling within the roadway during the winter months. 
These obstructions usually belong to the adjacent private property. If there is a local statute 
limiting their presence, the road officials should enforce the law. If there is no law to enforce, 
the road officials should use all possible means to have them trimmed with reference to the bene-
fits of the road. 
The care of trees and shrubs as a maintenance operation generally embraces planting, thinning, 
and removal when necessary. Due to the abundance of native growth along the roads, roadside 
maintenance often calls for selective clearing rather than the planting of new materials. Dense 
growth often hides some shrub or small tree or even hinder the growth of some desirable large tree 
that could be benefited by process of selective clearing. In other instances overhanging trees and 
bushes along the road may densely shadow the surface and breed soft and unstable spots. The solu-
tion of this problem evidently lies in cutting down the trees or by trimming them so as not to keep 
the breeze and sunlight from the road. Tall trees on the inside of curves should have their limbs 
cut in order that vision below the foliage will not be restricted. Clumps of trees on the outside 
of the curves, especially sharp ones, should be preserved as a safety factor, as it is a known fact 
that they automatically create the illusion of a dangerous condition and cause the driver to reduce 
speed, thus facilitating negotiating the curve. In cases where planting of trees and shrubs is 
necessary, it must be done in such a way as to develop a harmonious appearance and to avoid inter-
ference with safety and increased cost of maintenance. Planting along the road should be made to 
harmonize as much as possible with the natural setting. It is generally carried out during season-
able weather conditions. 
Fig. 5.14 Paved Spillway for Slope Protection 
5.11 Frost Heaves and Spring Breakup 
The presence of frost heaves on soil-aggre-
gate road surface is a constant danger to traffic 
(Fig. 5.16). They are caused by the water freezing 
in the material (Section 3.16). The condition re-
quires freezing temperatures and a concentration of 
water near enough to the surface to be subjected to 
frost action. Since the lowering of freezing temp-
erature is usually impractical, the prevention of 
detrimental frost heaves is generally accomplished 
by cutting off the sources of water supply. If the 
water is supplied by seepage due to lack of drain-
age, the condition is corrected by the proper lo-
cation of a subsurface drainage system. If the 
water is supplied by capillary action due to the 
presence of very fine sands and silts, the con-
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dition must be corrected by excavation and backfills 
with a suitable material. In deciding upon the method 
of treatment, a thorough s11bsurface investigation to 
determine the cause of the heave is always necessary. 
If the cause of the heave is not ascertained and cor-
rected , the same area may continue to heave year after 
year , and the accumulated cost of maintenance may 
greatly surpass the cost of treatment that would per-
manently correct the trouble . 
Frost heave occurs at a season of the year when 
earth moving operations are most difficult and repair 
work is impractical. Many heaves that are a hazard to 
traffic in the winter may return to normal conditions 
after the frost has left the ground. For this reason, 
the location of frost heaves must be marked during the 
winter so that in the summer when work can be done the 
location can be exactly determined. In this connection 
special marked stakes are set at the limits of the 
heave and out far enough on the shoulder to avoid 
destruction by blading and plowing operations. Some-
times the locations of the heaves are logged by 
speedometer mileage. The method is not entirely satis-
factory but is of considerable value as a time saver. 
Spring breakup is a type of failure common in soil-
aggregate roads in the northern states (Fig. 5.17). It 
is commonly the result of an excessive amount of water, 
either from the surface or subsurface. To prevent re-
currence of this type of failure, the source of water 
must first be determined and the best means be used to 
correct the condition. The most common treatment is 
excavation and backfill with a granular material . The 
granular base must be so constructed as to provide 
adequate drainage. This is usually accomplished by 
extending the granular material to the ditch lines. 
In many cases the most satisfactory method of treatment 
with granular material. 
Fig. 5.16 Frost Heave on S0il-Aggregate 
Road 
Fig. 5.17 Spring Breakup Caused by 
Excessive Amount of Water in 
Road Material 
is a raise in grade which is always made 
During the spring thawing period, it is the common practice to restrict the heavy loads from 
using the soil-aggregate roads because the supporting power (Section 3.10) of the soil-aggregate 
material is reduced. The degree of restriction has generally been based on the considered opinion 
of the local road engineer arrived at by observations of performance of each road in question. It 
generally varies from 3 to 6-ton axle weight. Since the recovery of bearing power is relatively 
slow with full recovery not made until late summer, it is recommended that permissible loads on 
soil-aggregate roads be gradually increased following the recovery of the strength of the road 
structure. Some areas have found it necessary to limit the size of school buses and the number of 
passengers carried because these vehicles cannot be excluded for the period of reduced supporting 
power. 
The posting of load restrictions to control overloading is usually a steel or heavy paper sign 
indicating the axle or gross weight that will be permitted on that section of road during the time 
that the restriction is in force. These signs should be placed at all principal intersections and 
a long the restricted route at suitable intervals. The presence of these signs at intersections 
with state primary routes is most important . As enforcement of load restriction is often intensi-
fied on the state highways, there is a tendency for truckers to divert their overloaded vehicles 
to the local soil-aggregate roads. This will not only result in increased maintenance cost on the 
road itself due to severe rutting, but may result in destruction or permanent damage to low-capa-
city bridges. 
5 . 12 Snow and Ice Control 
The control of snow and ice is the major winter maintenance problem in affected areas. To 
solve it properly requires resourcefulness, skill, knowledge of local conditions, and above all 
advanced planning and preparation. The plans of snow and ice control on soil-aggregate roads are 
generally governed by the amount of traffic involved, and the availability of funds and equipment. 
At all events school bus routes must always deserve a prior consideration. 
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Fig. 5.18 Typical Snow Fence 
Some of t he snow problems ca n be s olved i f precautions ar e 
used i n the des ign of the r oad. A r oad design t hat a~oids cut s 
and keeps t he gr ade l i ne high enough will t end to be nP. of 
drifts . Wide shoulders and rounded backs lopes are ;, ~ s u 11e lpful 
in snow control. If preventive measures cannot be taken in the 
design stage, the control of snow drifts across the roadway can 
usually be accomplished by the use of snow fences. The most 
common fence consists of wire-woven wooden pickets about 4 feet 
long. Sections can be rolled up for handling and storage (Fig. 
5.18). They are erected on the windward side at right angles 
to the prevailing wind and at a considerable distance from the 
roadway, usually 50 to 100 feet, depending upon snow condi-
tions. Support is furnished by posts or angle irons driven 
into the ground. These fences are an economical and effective 
means of retarding wind velocities and thus causing snow 
drifts to pile up at the fence rather than on the road surface. 
The locations of these fences should be those places where ex-
cessive drifting is likely to occur. There are many general 
factors such as wind direction and velocity, ground conditions, 
etc., contributing to drifting. Proper locations can best be 
determined by a study of drifting conditions along each road, 
and knowledge of local conditions is the best criterion to use. 
Trees or other vegetation at a sufficient distance from the 
roadway are also effective in controlling drift formation. 
Care must be used, however, to avoid trees or planting too 
close to the roadway as to aggravate the drift problem. 
When the snow falling on the raodway has reached a depth of 1 or 2 inches, removal operations 
generally may start. For light work, blade graders or regular maintenance trucks of l! to 2-ton 
size equipped with blade plow (Fig. 5.19) are effective. They may be operated at comparatively 
high speeds up to 25 miles per hour. In areas of heavy snowfall large trucks, usually four-wheel 
drive a·nd equipped with hydraulically operated blade or V-plows, are widely used (Fig. 5.20). V-
plows are of two types, the speed plow and the heavy duty plow. The speed plow is used in place 
of blade plow and is not equipped with wings. The heavy duty V-plow may be with or without wings. 
It usually operates at speeds up to 25 miles per hour without the wings in operation . Both wi ngs 
can be used only when snow and traffic conditions will permit (Fig. 5.21), and sometimes only the 
right wing is used to permit traffic to pass . If the storms are very heavy, the use of rotary 
plows that throw the snow a considerable distance are most effective (Fig. 5.22). A rotary snow-
plow consists of a cutting arrangement at the front end of the machine which grinds up the com-
pacted snow and conveys it to the throat of a blower; the blower then throws it at right angles to 
the r oad. Some rotary snowplows are capable of removing snow up to a depth of 8 - 10 feet. 
Trucks and snow plows should operate on the right side of the road. They should be provided 
with ample warning protection such as blue flasher lights having front and rear lenses to warn the 
public of their presence on the road. The snow should not only be bladed from the road surface but 
should be pushed completely off the shoulder . Failure to remove snow from the shoulders often 
r esults in the loss of supporting value due to the detrimental action of the water from thawing 
snow. After plowing, all drainage facilities should be checked and opened to permit rapid drain-
age. In order to effect oomplete removal of surface water from thawing snow and ice, channels are 
sometimes cut through snow banks so that water can be drained away. 
Whe n a road becomes covered with ice or a thin layer of snow which makes it impassable or 
extremely dangerous to traffic, it may be necessary to provide the surface with some abrasive treat-
me nt t o minimize the danger thus created. The use of abrasives on soil-aggregate roads is normally 
limited to intersections, sharp curves and steep grades on routes serving rural mail delivery, 
school buses , etc. Suitable abrasive materials are clean, sharp sand, cinders, and stone screen-
ings . Usually the abrasives are treated with calcium chloride or sodium chloride in solid or 
brine f orm before storage . These chemicals, when mixed with the abrasives, prevent freezing of 
mo is t ure in the abrasives and aid in eliminating the ice on the road . In preparation for ice con-
t rol , stockpiling of abrasives should be placed at strategic and convenient locations. These piles 
s houl d be kept unde r some sort of cover so that the material will remain dry and spreadable . Abra-
s ives are spread from trucks by hand shovels or most effectively by mechanical spreaders . Applica-
tion of abrasives generally is at the rate of 0.25 to 1 . 0 pound per square yard of surface. 
5.13 Ma intena nce Equ i pment 
Highway ma inte nance at the pres ent time is highl y mechanized. The e ffective use of mechanical 
equi pme nt is indeed one of the most basic r equireme nt s f or successful operation. In sel ecting 
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equipment of various kinds for use in the different 
phases of maintenance work, care must be exercised to 
select the type of equ ipment having simplicity and 
sturdiness of design , mobility, and above all, multi-
purpose usage. It is a matter of common knowledge that 
idle and seldom used equipment is a constant drain on 
the maintenance budget. Unless a definite need and an 
economic justification can be shown for each piece of 
equipment it should not be obtained. Among the various 
types of equipment trucks and blade graders are the most 
commonly used for maintenance work on soil-aggregate 
roads. Other essential pieces of equipment are drags, 
spreaders, rollers, and tractors. Special equipment 
such as snow plows and abrasive spreaders are also im-
portant. The amount of equipment needed generally de-
pends upon the number of miles of roads to be main-
tained and the ability to purchase the necessary equip- Courtesy Frink Sno-Plows, Inc. 
ment. A small road agency sometimes may have diffi-
culty of providing all the necessary equipment, and can 
only purchase the most needed pieces such as trucks and Fig. 5.19 Truck Equipped with Blade Plow 
blade graders. On occasions when other equipment is in 
need, it must be contracted for from commercial sources 
or cooperating road agencies. 
The blade grader is used extensively for maintaining 
surfaces, shoulders, roadsides and drainage channels. It 
is especially useful in establishing and maintaining a 
crown on the surface; and is adaptable to earth-moving 
and grading work , for scarifying road surface, trimming 
slopes, and removing snow and ice. Both self-propelled 
motor graders and tow graders pulled by a truck or tractor 
are used. However, the motor grader is preferred by most 
road engineers for routine maintenance. The justifica-
tion or necessity of purchasing a motor grader is based 
upon the total annual hours of avilable work . A minimum 
job load of 60 t o 75 miles of soil-aggregate maintenance 
or approximately 900 hours of annual use is ordinarily Fig. 5 . 20 Truck Equipped with V-Plow 
needed to justify the purchase of a motor grader. 5 
Motor graders are classified on the basis of their brake horse power as three groups: 
Light . 
Medium. 
Heavy . 
Under 50 brake horse power 
Between 50 and 75 brake horse power 
Over 75 brake horse power 
The selection of the proper size of motor graders for soil-aggregate maintenance is affect ed 
by a number of factors, including soil types, vegetation, traffic and weather conditions. It is 
the general opinion of road engineers, however, that a medium capacity grader should always be pur-
chased unless it can be definitely shown that a light grader will perfotm all of the necessary 
mai ntenance tasks or a sufficient job load exists for the heavier unit. 6 A light grader is not 
suitable for pulling ditches where the soil is heavy or the vegetation to be removed is de nse . It 
is not suitable for shaping road surface which contains a high percentage of over-sized material or 
is deeply corrugated or rutted by traffic because the machine is not heavy enough to cut below the 
depressions . The cost of a light grader, however, is considerably less than that of a heavier 
machine. At current price, two light motor graders may at least be purchased for the price of one 
heavy one. For this reason, the economics of owning and operating a light motor grader must be 
studied in each case, because there are possibilities of saving money under the right conditions. 
The ownership of a motor grader of 100 horse power or over can be justified only where ditch soil 
and vegetation are extremely heavy, or where the additional power is needed for snow plowing, re-
shaping operations or for the reconstruction of road-mix type surfaces. Heavy graders are usually 
expensive but are adaptable to a variety of maintenance operations. In cases where more than one 
motor grader can be provided by a road agency, a balanced fleet for soil-aggregate road maintenance 
and reconstruction could very appropriately contain. motor graders of more than one capacity. 
5American Road Builders' Association, Construction and Maintenance of Local Rural Roads, 
Technical Bulletin No. 180, (Washington : American Road Builders' Association, 1951), p.13. 
6Ibid ., p. 8. 
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Courtesy Frink Sno-Plows,Inc. 
Fig. 5 .21 Truck Equipped with V-Type 
Snow Plow, with Wings 
Courtesy Austin-Western Co. 
Fig. 5.22 Rotary Snow Plow 
Another piece of most needed equipment by every road 
agency for soil-aggregate road maintenance is the light 
dump truck of l ! to 2 tons capacity. For ownership of one 
truck an approximate annual use of 10,000 miles is normally 
- considered as minimum. Trucks of this type are used in 
hauling materials to stockpiles for both sununer and wint e r 
maintenance, and in placing abrasives on icy road surfaces. 
They are also used in hauling men to work and in pulling 
road drags or tow-type blade graders. Heavy trucks are 
generally used for winter snow plowing and in transporta-
tion of soil and aggrggate materials where there is a haul 
of some length. Trucks may be attached with a variety of 
devices for spreading aggregate materials, chemicals, and 
abrasives. 
5.14 Method of Performing Maintenance 
Maintenance on soil-aggregate roads is generally per-
formed by a combination of patrol and gang methods. The 
essential feature of the patrol method is that the care of 
a definite road section is assigned to a patrolman who is 
usually aided by 1 to 3 assistants. The length of the 
section varies normally from 10 to 40 miles, depending 
upon the amount of work to be performed. The patrol crew 
is provided with a motor grader, 1 or 2 trucks and some 
other necessary equipment. It is responsible for normal 
blading and shaping, hand patching, ditch cleaning, shoul-
der repairs, and cleaning and mowing the roadsides. In 
case heavier work of considerable extent is necessary and 
the job is beyond the capacity of the patrol crew, a 
maintenance gang is commonly employed. A gang of this type 
may consist of as many as 15 men and have 4 or 5 motor 
graders, 4 or 5 trucks, a bituminous distributor (800 to 
1200 gallons capacity), disks, power brooms, a steel wheel 
roller and some small tools. Common jobs for gang crews 
are adding aggregate to the surface, heavy scarifying and 
reshaping of road surface, bituminous surface treatment , 
weed eradication, and other work requiring special equip-
ment or skill. At times a special gang and patrol forces 
may work together as a large team. 
For a road agency which has only limited fnnds for maintenance, a flexible control system is 
often used. In this method the maintenance personnel and equipment are assigned duties and sent 
out from the headquarters to perform routine maintenance and repair as needed. The work is fre-
quently done when the maintenance is urgently needed and often cannot be carried out at the most 
advantageous time. The amount of work required may vary suddenly and greatly with local traffic 
and climatic conditions. Keeping the roads in good condition all the time is generally impossible . 
In order to take prompt care of dangerous conditions which may arise, inspection should be made of 
the entire road system at periodic intervals to detect any weak spots. Besides the methods des-
scribed above , special maintenance jobs are sometimes handled by contract awards. Contract method 
is seldom used in routine maintenance, however, because the operations are so diverse, so subject 
to variation from the expected, and on occasion so hurried that they do not lend themselves to 
competitive bidding. 
Since maintenance must be effective and at the same time economical , it must require super-
vision by experts capable of combining efficiency and economy. Each road agency should preferably 
have a competent engineer devoting entire time to its road problems. If funds are lacking or 
there is not enough work to justify full-time employment, an engineer should be obtained on a con-
sulting basis. In many cases, one engineer may be employed by several road agencies to supervise 
the road work. The maintenance organization must be adequate! y staffed, have proper equ_ipment, and 
must do its work in an orderly manner. The need for an adequate, well-qualified staff for success-
ful maintenance cannot be over-emphasized. Roads are built and maintained by men. Equipment and 
materials must be used but essentially it is the know-how of the personnel from top to bottom that 
insures good roads. Accurate records of all work accomplished with regard to cost and location 
must be carefully kept. These records may be employed as means for ascertaining the degree of 
economy in expenditure, as gages of efficiency, and as basis for intelligent planning and estimating 
cost of future work. Wide difference in cost when similar type of work is done by different crews 
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suggests a comparison of methods and working habits. High cost of surface maintenance on a parti -
cular road section may point up the need for a higher type of road surface. 
5.15 Betterment Program 
The common soil-aggregate road is widely used only for lightly travelled roads in the highway 
system (Section 1.7). Where the average daily traffic does not exceed 50 vehicles, and the climatic 
condition is favorable, this road is an economical type. As the traffic increases, the cost of 
maintenance begins to mount. When the average daily traffic reaches the neighborhood of 500 
vehicles, the maintenance cost will approach the amount which is no longer economically justified 
to spend, and, what is more significant, the road will simply not be able to be maintained in good 
condition even if there are plenty of funds available. As a consequence of this limitation, soil-
aggregate road surface must never be used for a heavily travelled road and must be converted to the 
base of some higher type pavement as soon as the traffic reaches the critical point. This proce-
dure is commonly known as betterment program. 
In a long-range program of road development the use of stage construction and betterment 
program to adequately serve the traveling public is almost certain to enter the picture of soil-
aggregate road construction and maintenance (Section 1.8). Since years may elapse between certain 
stages, it is important to upkeep improvements in each stage so that future improvement may be made 
with least effort and expense. In maintaining roads of this type, attention must always be direct-
ed to the type of further development that the road will receive. Oftentimes different or slightly 
adjusted maintenance procedures may be required. For example, loose aggregate on a road surface 
lacking in binder soil is a hazard to traffic and the ordinary solution is to add as much as possi-
ble binder soil to the surface material. The same loose aggregate~ however, makes an ideal base 
for a higher type pavement if compacted well. On the other hand, a tightly bound soil-aggregate 
surface with much silt and clay material will usually not be adequate for the same purpose. For 
the above reason, it may be found that the present surface which will become a future base course 
can be most effectively maintained by adding only a limited amount of binder soil and treating with 
bituminous material. It must be kept in mind that unless the surface course is originally laid 
and subsequently maintained so that it consists of a mixture suitable for either purpcse, it will 
usually be found that it is not satisfactory for a base. In maintaining roads in st a~e construction, 
much of the betterment planning is based on an accurately kept maintenance record. When a high 
maintenance cost is encountered on a road section,aan economy can frequently be effected by moving 
that section forward in the program and improving it at an early date. 
Betterment work is not limited alone to the converting of a road surface to a base course. It 
applies to any type of work or installation that adds to the capital investment in a road and is 
not merely an item of upkeep and repair of an existing portion of a road. Thus the resurfacing or 
the bituminous surface treatment of a soil-aggregate road is a maintenance item, but the placing 
of a 2 inch bituminous road-mix surface on an existing surface-treated road is essential _ a 
bettennent project. Similarly the installation of a subdrain is regarded as a betterment item, 
whereas the replacement of an existing subdrain which has become defective for some reason is a 
maintenance item. Betterment work on roads is usually done by contract, even though it may be 
occasionally carried out by maintenance forces. If the work is performed by the latter, it must 
be separated from the maintenance work as accurately as practicable in order to keep reasonably 
valid records of cost. 
5.16 Maintenance Tips 
Effective maintenance prolongs the life of a soil-aggregate road, increases traffic comfort 
and reduces the cost of traffic operation. It is the best possible investment for the public and 
is essential to the success of any road program. 
Highway maintenance is a matter of business organization as well as practical engineering 
knowledge. Effective maintenance methods have been quite well established by practice and experi-
ence. To carry out properly the maintenance operations, a competent engineer must be obtained to 
supervise the work. The maintenance organization must be adequately staffed with well qualified 
people, because it is essentially the know-how of the personnel from top to bottom that insures 
good results. It must have adequate equipment, the amount of which depends upon the number of 
miles of roads to be maintained and the ability to purchase the necessary equipment. In selecting 
equipment of various kinds for use in the different phases of maintenance work, care must be ex-
e rcised to select the type having simplicity and sturdiness of design, mobility , and above all 
multi-purpose us age. The maintenance work must be carried out in an orderly manner, either by a 
combined patrol and gang system or by a flexible control system. To determine the schedule of 
maintenance operations, inspection should be made of the road at periodic intervals and notes be 
taken on mainteanace requirements. Accurate records of all work accomplished with regard to cost 
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and location must be carefully kept. These records are a must for scientific planning and manage-
ment. 
Maintenance on soil-aggregate roads generally includes (1) maintenance of road surface, and 
(2) maintenance of shoulders, ditches, side slopes, and other important features in the roadway 
and adjacent areas. The detailed procedures have been described previously in this chapter. The 
following paragraphs outline briefly the methods: 
1. Maintenance of road surface: The basic principles governing road surface maintenance are 
that the surface be kept smooth, firm and free of loose material; the crown be preserved in proper 
cross slopes and shape; the surface layer be conserved in original thickness: and the deterioration 
of the surface material be minimized by the use of dust palliatives and bituminous surface treat-
ment. When the surface becomes rough and corrugated, it must be smoothed by· blading or dragging. 
The operation must be performed when the material is daiitp, and should never be attempted when the 
surface is dry. Care must be taken to maintain adequate crown during any blading. If a few pot-
holes or corrugations develop in isolated sections, it is often economical to patch them with a 
material similar in gradation and character to that used in construction. Soft spots must be re-
paired by adding additional aggregate material and, if necessary, by excavating and backfilling 
with an additional aggregate material. If excavation is required, it is generally carried through 
the shoulder so that no ponding can occur. When a road surface is so irregular that traffic cannot 
use it in safety and comfort, scarifying and resurfacing may become necessary. The conditions 
which require these operations are large number or large area of pot-holes or corrugations, deep 
ruts or large amounts of loose aggregate material existing on the surface. The operation is 
generally done during the season of the year when traffic is light. For roads carrying a traffic 
from 50 to 100 vehicles per day, the application of dust palliatives is generally in demand. When 
the traffic reaches the amount in the neighborhood of 300 vehicles per day so that the application 
of dust palliatives will not prevent the road from rapid disintegration, bituminous surface treat-
ment is applied. Soil-aggregate road surface must not be used for a heavily travelled road with a 
daily traffic of 500 vehicles or more and must be converted to the base of some higher type pave-
ment. 
2. Maintenance of shoulders, ditches, side slopes, and other important features in the 
roadway and adjacent areas: Shoulders must be properly maintained to secure drainage of the road 
surface to the side ditches and to provide additional width for the traveled surface in cases of 
emergency. The procedures generally follow a pattern similar to that of the surface, and include 
the blading and dragging, filling of any ruts, and replacing worn out and lost materials. The side 
ditches must be kept cleaned out at all times in order to rapidly remove the water from the roadway. 
The materials removed from side ditches should not be deposited on the roadway, but be loaded into 
trucks and deposited elsewhere. Excessive erosion of ditches must be eliminated by the construction 
of paved ditches or ditch checks. Side slopes must be given an inclination that will maintain the 
stability of the soil. Surface water must not be allowed to pond or concentrate at the top of the 
slope and then break over in a small area. The solution lies in utilizing some method of trans-
ferring the drainage water along a surface not subject to erosion to the foot of the slope or in 
intercepting the surface runoff from adjacent areas before it reaches the roadway. Weeds and high 
grass along the road must be removed to improve the appearance, increase driving safety, and 
facilitate drainage. These operations should be started as soon as the grass or weeds are high 
enough to be cut and should be continued at periodic intervals when necessary. To provide adequate 
and necessary sight distance on curves or at intersections, the presence of tall hedges and the 
planting of high crops in these locations should be prohibited. 
There is universal agreement among road engineers that adequate drainage is the basic factor 
for the success in the maintenance of a soil-aggregate road . Soil-aggregate materials soften and 
rut under normal loadings in the presence of water. No road, however well made otherwise, can 
endure if the water collects or remains on it. Only after comprehensive studies of surface and 
subsurface water conditions have been made, and proper drainage systems installed, can the road be 
considered well drained. After installation of all necessary drainage facilities, the area remains 
well drained only as long as the system is maintained and continues to function in a satisfactory 
manner. Before any maintenance operation, it is desirable to first check and bring up to standard 
the drainage condition on the section. 
The control of snow and ice is a recognized necessity for all-year highway use. Snow is a 
serious problem on all roads. Ice may not be too serious a problem on lightly travelled roads , but 
it will require consideration on the more heavily travelled sections. When the snow falling on the 
r oadway has r eached a depth of 1 inch or 2 inches, removal operations generally may start. The work 
may be accomplished by blade graders, maintenance trucks equipped with blade plow or V-plow, or 
rotary plows, depending upon the size of the storm and the depth of the drift. Snow drifts across 
the roadway are usually controlled by the use of snow fences. These fences are erected on the 
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windward side at right angles to the prevailing wind and at a considerable distance from the road-
way , usually 50 to 100 feet, depending on snow conditions. When road sections become covered with 
ice or a thin layer of snow which makes it impassable or extremely dangerous to traffic, abrasive 
treatment is necessary. Important areas that deserve particular attention are intersections, 
sharp curves and steep grades on routes serving rural mail delivery or school buses. Suitable 
abrasives are clean, sharp sand, cinders, and stone screenings. They are usually treated with 
calcium chloride or sodium chloride for more effective ice control. Abrasives must be stockpiled 
at strategic and convenient locations. They are generally spread from trucks by hand shovels or 
most effectively by mechanical spreaders. 
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APPENDIX A 
GEOMETRIC DESIGN OF SOIL-AGGREGATE ROADS 
A.l Criterion for Design 
The features that enter into the geometric design of a road embrace the dimensions of the road 
cross section, the clearance, the horizontal alignment, the profile, and the plan of intersections. 
These features are directly affected by the volume, character, and speed of the traffic. The 
traffic to be served by a road is thus the primary criterion for design. 
In considering the geometric design of soil-aggregate roads it is well to separate them into 
two groups: (1) those roads which at present and for many years to come will carry only a very 
limited volume and weight of traffic, and (2) those roads which must have a soil-aggregate surface 
course for the present, but which will eventually have sufficient traffic to warrant a higher type 
of surfacing. 
Most soil-aggregate roads belong to the first category. Included in this group are lightly 
travelled land-access and local service roads. Users of these roads are primarily rural residents 
whose homes or whose lands are accessible by these roads. They ordinarily wish only to travel at 
a reasonable rate of speed to a nearby destination with certainty that they can proceed safely and 
comfortably. It may be seen that the problems of design are imposed by the necessity of securing 
serviceable roads for a small volume of traffic at a cost that in many instances must be kept as 
low as possible. The standards of geometric design may be considerably lower than those for the 
roads of the second group. 
Soil-aggregate roads in the second category are in essence temporary improvements on trunk 
line routes pending the availability of funds. They are the first step in the stage of progressive 
construction (Section 1.8). The nature of service in terms of road use is different from that of 
the roads in the first group as it may be subject to change from time to time. The design of these 
roads must be treated from a somewhat different standpoint; special attention should be directed 
toward probable future traffic conditions. Because the present improvement is only the first stage 
of improvement, important features of geometric design should be carefully considered so as to make 
it possible to utilize it as a higher type road as traffic conditions may warrant. Unless this 
first stage is wisely designed the initial investment will be mostly wasted and can never be utiliz-
ed as a proper foundation for the successive stage of improvement. 
A.2 Geometric Design Policies 
Geometric design as practiced by the various state highway departments and other designing 
agencies is not uniform. This is due, to a certain extent, to the variations in the laws of the 
various states limiting the sizes and weights of vehicles and differences in the financing ability 
of the various governments. Differences in the interpretation of experience and the evidence of 
research are also reflected in the variety of design practice. Within limits, however, these 
differences in design standards are accepted as unavoidable by the Bureau of Public Roads when 
approval is requested on plans developed by the various states for federal-aid improvement. 
The design Policies for State, County, and Township Rural Highways developed by the Illinois 
Division of Highways are shown in Table A.l. The standards of geometric design for various classes 
of roads are specified in this table. These policies are almost universally followed by county 
road agencies in the design of soil-aggregate roads in Illinois, as indicated by the returns from a 
recent questionnaire directed to county superintendents of highways in the state. 
It may be recalled that the Illinois classification of highways is based on traffic conditions. 
The logical first step in the geometric design of a soil-aggregate road, therefore, is to determine 
the classification of the road which is to be improved. The volume of traffic to be considered for 
the purpose of determining the classification of the road and subsequently the standards of design 
should represent the approximate average daily traffic, giving due consideration to probably in-
crease in traffic following the completion of the contemplated improvement. In addition to the 
average daily traffic, the 30th highest hourly traffic is given in Table A.l for roads in Classes 
A, B, C and D. Inasmuch as the traffic volume varies greatly during the hours of the day and the 
days of the year, it is evident .that the operating conditions of a road may be more appropriately 
r e fl ect ed by the traffic volume in a certain hour period rather than the average daily traffic . 
Whe n this is used as a criterion, the 30th highest hourly traffic (or the hourly volume which is 
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exceeded only by 29 hours in a year) has been found and accepted as the suitable hourly volume for 
design on nearly all roads. On minor, low-volume roads, however, average daily traffic usually is 
sufficient. 
Regarding the geometric design of rural roads, the American Association of State Highway 
Officials adopted and printed in 1954, "A Policy on Geometric Design of Rural Highways." The policy 
was developed through a period of several years by a group of outstanding specialists in the Com-
mittee of Planning and Design Policies of the association. The publication is a comprehensive 
treatise on the geometric design of rural highway and encompasses practically all general controls 
and features. Since the policy represents the concerted opinion of state highway officials re-
garding various phases of geometric design, every designer is strongly suggested to sufficiently 
adquaint himself with this publication as a manual of ready reference. 
A.3 Road Cross Section 
As previously described in Chapter I, the cross section of a soil-aggregate road consists of 
several independent units. The design of each should be on the basis of the particular function of 
the part, but developed in harmony with the other parts . The elements that should be considered 
when developing the design are the width of road surface, the width of shoulder, the crown or cross 
slope, the side ditches, the side slopes of embankment and excavated sections, and the width of 
right-of-way. 
A.4 Width of Road Surface 
The width of a road surface depends upon the number of traffic lanes with which the road must 
be built. The number of lanes to satisfy adequately existing or future conditions in turn depends 
upon the volume of traffic involved. Since no heavy traffic is expected on soil-aggregate roa.ds, 
the road surfaces are usually two-lane or single-lane. 
For roads provided ·with two traffic lanes, a lane width of 11 to 13 feet, or a total surface 
width of 22 to 26 feet, is desirable from the standpoint of safety, efficiency, and ease of vehicle 
operation. 1 Studies have shown that substantial lane flow is accommodated on lanes of 10 or even 
9 feet wide, but driving on such lanes is accomplished only with undesirable tension and strain on 
the part of the driver. Any two-lane road with a total surface width of more than 25 or 26 feet is 
generally regarded undesirable, as it may invite three-lane operation with dangerously small 
clearance between vehicles. 
For single-lane roads, the minimum practical width is in the range of 10 to 14 feet.2 They 
are designed for minimum surfacing width rather than on the basis of lane width. Roads of this 
type are suitable only where the traffic volume is less than about 100 vehicles per day. With such 
low volume, meetings between opposing vehicles are infrequent; passing of opposing traffic is 
accomplished by vehicles slowing down and utilizing partially the available shoulder areas. 
In Table A.l are given minimum widths for various classes of roads recommended by the Illinois 
Division of Highways. For roads of the soil-aggregate type, the minimU111 width of surfacing varies 
from 12 feet (Class G) to 20 feet (Class D). 
A.5 Crown or Cross Slope 
Soil-aggregate road surface must be provided with a crown, or cross slope, for drainage. The 
crown may be composed of intersecting planes or of arcs of a circular or parabolic curve. The best 
performance is secured, however, when the surface carries an "A" type crown composed of two inter-
secting planes. 3 The difference in elevation between the edge of the road surface and the highest 
part is the total crown. The total crown divided by the distance in feet from the edge to the 
highest part is the rate of crown. 
1 American Association of State Highway Officials, A Policy on Geometric Design of Rural 
Highways (Washington: American Association of State Highway Officials, 1954), p. 194. 
2 Ibid . , p. 221. 
3 F. R. Olmstead, "Factors Related to the Design of Stabilized Mixtures," Journal of Asphalt 
Technology, II (August 1943), 7 . 
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The crown must be des ig ned to re adily shed the wa te r fa lling on the r oad surface wit hout 
caus ing i nconvenie nce t o t r aff i c. The greater the rate of crown , t he better i s the drainage. How-
eve r , r oad surfaces wi t h very high crown ar e not only objectionable in appearance, t hey are also 
uncomf ortable for the dr i ver of the vehicle, and have a tende ncy to cause veh i cles to slide side-
wi se . To compromise t hese considerations, it is cus tomary to hold t he cr own to t he mi nimum val ue 
consistent with acceptable drainage of t he road surface. As a rule , t he smoother t he surface the 
l ess t he requisite amount of crown. 
I n t he case of soi l-aggregate surface courses , t he maximum rate of crown is usual ly bet ween 
1/4 inch to 1/2 inch per foot , (0.02 to 0.04 foot per foot); while for such roads covered with 
bituminous courses, it is made ranging from 3/16 to 3/8 inch per foot (0.015 to 0.03 foot per foot) . 
A greater rate of crown for soil-aggregate surfaces is required due to greater surface irregulari -
ties , and to prevent the absorption of water into the surface. On roads with these surfaces, 
vehicle speeds generally are low so that , from the standpoint of vehicle operation, the undesirable 
effect is negligible. 
Standard crowns for soil-aggregate surfaces in tangent sections as recommended by the Bureau 
of Public Roads for both pervious and impervious surfaces are shown in Fig. A.l 4 
A.6 Width and Slope of Shoulders 
The shoulder is the portion of the roadway between the edge of the road surface and the inside 
edge of the ditch or slope (Fig. 1.4). It serves as structural lateral support for the road sur-
f ace and sometimes as an additional width for the narrow travelled way. 
The width of the shoulder is directly re-
lated to the conditions of traffic and the num-
ber of lanes required to carry the traffic. 
Wherever obtainable at reasonable cost, should-
e rs with a width of 10 feet clear of all ob-
st ructions should be provided on all roads. 
However, narrow widths are often considered on 
l ow-volume roads in rugged terrain or where 
economic considerations otherwise govern. On 
two-lane roads with a design hourly traffic of 
more than 100 vehicles, usable shoulder width of 
6 t o 10 feet is the minimum; on lower volume 
r oads the minimum ranges from 4 to 8 feet. 
Overall shoulder width on single-lane roads 
s hould be no less than 4 feet and preferably 
6 feet. Where it is apparent that a t wo-lane 
r oad will be demanded in the near future , t he 
width of the shoulder should be increased by 
several feet to permit ultimate resurfacing to 
a two-lane travelled way . 
The minimum width of shoulders for rural 
roads recommended by the Illinois Division of 
Highways varies with the class of roads. Soil-
aggregate roads pertain generally to classes D, 
E, E-1, F, and G, and require a minimum shoulder 
width ranging from. 4 to 8 feet. These values 
are indicated in the design policies for rural 
highways which are shown in Table A.l. 
Shoulders are an important link in the 
l ateral surface runoff system, and must be 
sloped sufficiently to drain away the water 
f rom the road surface, but not to the extent 
t hat vehicular use will be hazardous . In 
general , shoulders built with soil-aggregate 
material should be sloped from 1/2 to 3/4 inch 
per f oot (0.04 to 0.06 foot per foot), and 
sodded or turf shoulders about one inch per 
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Fig. A.l Standard Crowns for Soil-Aggregate 
Surfaces (Tangent Sections) 
4 Public Roads Administration , Highway Practice in t he United States of America , (Washingt on : 
Public Roads Administration, 1949) , p. 210. 
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foot (0.08 foot per foot). 
A.7 Side Ditches and Ditch Erosion Control Devices 
Side ditches are constructed along the roadbed in cuts and on ground that is comparatively 
level. They are provided (1) to collect and direct the flow of surface drainage along and away 
from the road surface, and (2) to prevent road water from flowing over cultivated or otherwise 
improved land. 
Side ditches usually are V-shaped or trapezoidal in cross section, with slope changes in the 
section being rounded. V-shaped ditches are blocked more readily than ditches of a trapezoidal 
section. However, they can be constructed and kept clean by means of a blade grader. So long as a 
ditch is hydraulically capable of handling the anticipated flow of surface water, the depth and 
breadth of the ditch may be varied from one road section to another to meet different conditions of 
drainage area and rate of ditch grade. As a rule, however, side slopes of ditches should be made 
as flat as possible consistent with drainage requirements and limiting widths of right-of-way. 
Where terrain permits, ditches built in earth materials should have side slopes not less than 4 
horizontal to 1 vertical. The bottom width of a trapezoidal ditch generally varies from 1 foot to 
4 f eet, depending on the volume of water to be carried. Minimum depth of ditches varies from 1 
foot in regions of low rainfall intensity to about 3 feet in regions with substantial rainfall 
intensity. 
The profile gradient of the ditch should be designed to provide conveyance of the water with-
out damaging erosion. It may vary considerably from that of the adjacent road surface. In very 
flat country, ditch grades as low as 0.1 or 0.2 per cent may be used. The maximum grade in rolling 
or mountainous terrain is generally governed only by the necessity for preventing erosion. Where 
excessive grades must be used, erosion control measures involving the construction of check dams or 
paved ditches must be employed. On grades slightly less or more than 2 per cent, sod may be used 
to prevent erosion. On those not over 4 to 6 per cent, a series of check dams may be used in the 
ditches to cut the grades between dams. The most common type of ditch check dams used on soil-
aggregate roads in Illinois is built out of rock or masonry. other types commonly in use are those 
made out of earth or timber. When the ditch grade is more than about 5 per cent, ditch check dams 
usually become uneconomical and consideration should be given to the construction of a paved ditch. 
In this connection concrete or bituminous materials are commonly in use. 
A.8 Side Slopes 
In making excavation and embankments, the side slopes must be given an inclination that will 
maintain the stability of the soil. The slopes of cuts or fills may vary a great deal, depending 
upon the type of material and the geographic location of the road. 
The side slopes are commonly vertical or nearly so in cuts in solid rock and sometimes in 
loess soils. In ordinary earth materials cut slopes may remain in place with slopes of 1 hori-
zontal to 1 vertical. Earth fills of usual height may stand safely with side slopes of lt hori-
zontal to 1 vertical. Because these slopes involve a relatively small quantity of earth work, they 
have been used as minimum standards by many highway agencies for roads of low traffic volume. In 
recent years, however, flatter slopes have been used more extensively in both cut and fill sections. 
These slopes result in a pleasing appearance and, with present day road building equipment, are 
sometimes even less expensive to construct and maintain than the steeper ones. 
Design policies for rural roads regarding earth slopes of the Illinois Division of Highways 
(Table A.l) recommend that front slopes for roads in classes F and G be no steeper than l! hori-
zontal to 1 vertical, and back slopes be no steeper than 1 horizontal to 1 vertical. For roads of 
classes E and E-1, slopes in cuts up to 4 feet in depth should be no steeper than 2 to l; in cuts 
more than 4 feet in depth no steeper than l! to 1. For fills less than 7 feet in height, side 
slopes are set at 3 to 1 or flatter; for those more than 7 feet in height l! to 1 or flatter. Cut 
slopes for roads of classes C and D have essentially the same minimum slope requirements as those 
for roads of classes E and E-1. For fill sections, however, these roads should have a m1nl.Jllum 
slope of 3 to 1 up to a height of 10 feet. When the height of fill is over 10 feet, a minimum side 
slope of l! to 1 should be employed. 
A. 9 Width of Right-of-Way 
Right-of-way should be of sufficient width to include all the cross section elements with good 
balance throughout. The width required is dependent upon the width of the road surface and should-
ers , the size of ditches, the height of embankments and depth of excavations, the required width 
for bridges and culverts, and other physical features . Right-of-way widths do not have . to be uni-
form throughout the length of the road. At road intersections or where high cuts or fills are to 
be constructed, additional widths generally are required. 
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The 11inimum width of right-of-way on single-lane roads is usually about 40 feet. Wherever 
economically feasible, it preferably should be 60 or 66 feet (4 rods) wide and perhaps more where 
two-lane construction may be .anticipated. For two-lane roads, a right-of-way of 66 feet is gen-
erally adequate in case the traffic volume is low. In most locations, however, a minimum width of 
80 feet or more is desirable. 
The right-of-way widths for various classes of roads recommended by the Illinois Division of 
Highways are given in Table A.l. The minimum width for soil-aggregate roads in classes F and G 
should be that required for roadbed plus 18-inch V-type ditclt ~ wit-a-~i horizontal to 1 vertical 
front slope and 1 horizontal to 1 vertical back slope. The minimum width of right-of-way for 
classes I and 1-1 roads is 66 feet, while that for class D roads is 80 feet. It is recommended, 
however, that 100 feet be the minimum width of right-of-way for class D roads , if consideration is 
given to snow removal. 
A.10 Vertical Alignment 
The vertical alignment of a road tremendously affects the safe and economical operation of 
vehicles and thus constitutes one of the most important features of road design. It is generally 
considered in a vertical plane through the centerline of the road and referred to as the profile 
(Fig. A.2). The profile consists of straight lines, connected where they change in inclination by 
curves called vertical curves, which are usually parabolic arcs tangent to the straight lines . 
Grade lines are designated by the vertical change in 100 feet. A grade rising or descending 
3 feet in a horizontal distance of 100 feet, for instance, is called a plus (ascending) or minus 
(descending) 3 per cent grade respectively. Ascending and descending, in this regard, refer to the 
direction in which the alignment is advanced in the survey of the route. 
In establishing the grade line, economy must be secured by keeping earthwork to the minimum in 
harmony with safe and economical operation. As a rule, the grade line should follow the general 
terrain as closely as possible, and the cut should be balanced against the fill so as to avoid a 
great deal of borrow or waste. It should be sufficiently above the ground surface, however, to allow 
surface drainage, and where necessary, to permit the wind to clean drifting snow. In locations 
where flood water may be encountered the road grade should also be established high enough to make 
the road passable at all times. 
106 
Ideal grades have long and flat tangents jointed by long vertical curves to provide good visi-
bility and smooth riding qualities. A choppy line of numerous short straight sections connected 
with short curves or a roller-coaster type of profile should be avoided. On long grades it is de-
sirable to reduce the grades near the top of the ascent. Where intersections at grade occur on 
road sections with moderate to steep grades, it is desirable to reduce the grade through the inter-
section. Such a design is beneficial for all vehicles making turns and serves to reduce the po-
> tential hazards. 
In laying the grade line, attention should also be directed to the condition of soils upon 
which the road is to be constructed. Experience has indicated that in peat swamp areas the grade 
line should generally be kept at a minimum of 4 feet above the average swamp elevation.5 -In lo-
cations where soils are underlined by bedrock, the grade line should, if possible, be so set as to 
avoid or to minimize costly excavations of rock. 
A.11 Grade Limitations 
The maximum grade which should be permitted on any given road depends upon the volume and 
character of traffic and the selected design speed. When grades are increased, a reduction of 
speed and an increase in operating costs results. As vehicles of various classes are affected 
differently by an increase in grade, a knowledge of the proportions of each class of vehicle which 
comprise the total traffic is of basic importance. The maximum grade allowable should be estab-
lished with a view to facilitating the movement of traffic; the cost of vehicle operation and the 
safety of the traveling public are primary considerations in this regard. 
On the basis of studies of vehicle operating characterisitics on grades, aaxiaUll grade liaits 
have been recommended by various state highway agencies according to type of road, design speed, 
or type of terrain. These standards vary from state to state but have been proved locally as 
valuable guides for grade design. Table A.l contains the absolute and desirable maxiaum grades for 
various classes of roads as set up by the Illinois Division of Highways. According to their class-
ification, soil-aggregate roads may have an absolute maximum grade ranging from 8 per cent (Class 
D) to 15 per cent (Class G), and a desirable maximum grade ranging from 6 per cent (Class D) to 8 
per cent (Class F). As indicated by the result of a recent survey, these values are universally 
employed by county road agencies in Illinois in the design and construction of soil-aggregate roads 
in accordance with their classification. 
In addition to the maximum grade limit, the length of a particular grade in relation to desir-
able operation is also important in grade design. Wherever feasible, upgrades should be limited to 
a length which does not cause loaded vehicles to reduce speed unduly.6 The limited length of grade 
should vary inversely with its steepness. Long, sustained grades, therefore, should generally be 
less than the maximum grade used on that section of road. 
Minimum grades on roads are governed by the necessity of provision for drainage. Flat or 
level grades on high type of pavement adequately crowned to drain the surface laterally are virtu-
ally without objection. Soil-aggregate surfacings, however, will not shed water like high type 
pavements , and absolutely level grades should be avoided . On roads of this type, it is advisable 
to establish a minimum grade of 0.5 per cent to facilitate surface drainage. 
A.12 Vertical Curves 
In order to effect gradual change between tangent grades, a vertical curve is introduced at 
the intersection of gra-des generally having a difference in rate of more than 0.5 per cent. Verti-
cal curves must be simple in application and must result in a design which is safe and comfortable 
in operation and pleasing in appearance. Vertical curves can be circular, simple parabolic, or 
cubic parabolic curves. The simple parabola generally is the preferable curve; it is almost ex-
clusively used in ro~d profile design. 
5
Michigan State Highway Department, Highway Survey and Design Manual, (Lansing: Michigan 
State Highway Department, 1950), p. 76. 
6 
In rough terrain where long, relatively steep grades are necessary, heavy vehicles tend to 
retard the movement of lighter vehicles on two-lane roads. In order to overcome this difficulty an 
extra lane in the upgrade direction, known as a climbing lane, may be provided if there is a large 
volume of truck traffic. On roads with low traffic volumes, however, only an occasional car is 
d e l~ yed by slow moving trucks and climbing lanes are ordinarily not justified. For more on this 
s~b J ect see American Association of State Highway Officials , A Policy on Geometric Design of Rural 
Highways (Washington : American Association of State Highway Officials, 1954). 
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r PASSING SIGHT DISTANC< 
The length of a vertical 
curve is measured horizontally. 
In other words it is assumed to 
be its horizontal projection. 
Since road grades are relatively 
flat, the error resulting from 
this assumption is negligible in 
practice. 
Fig. A.3 Non-Passing and Passing Sight 
Distances over Crest 
Vertical curves should always 
be as long as reasonably possible, 
and under no circumstances should 
they be .shorter than certain es-
tablished minimums. The length 
of vertical curves is based on the 
algebraic difference between the 
intersecting grades and in all 
cases should meet the requirements 
of good visibility or safe sight 
distance. 
A.13 Non-Passing and Passing Sight Distances 
Sight distance on a road is the length of road ahead of the vehicle that is visible to the 
driver. When the sight distance is long enough to enable a vehicle to overtake and pass another 
vehicle without interference from an oncoming vehicle, it is termed passing sight distance. When 
this distance is not long enough to 2500 
permit overtaking and passing another 
vehicle, it is. termed non-passing sight 
distance. 
The minimum non-passing sight 
distance is the safe stopping distance 
of a vehicle traveling at the assumed 
design speed of the road. It is in-
volved when a stationary object is 
present in the path and turning out 
is impossible. The minimum passing 
sight distance applies only to roads 
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markedly by a number of variables de- ~ 
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For a given design speed, the 
non-passing and passing sight dis-
tances are determined on the basis of 
fundamental principles of dynamics 
coupled with observed characteristics 
of vehicle, road, and driver. In 
Table A.l are given minimum values 
recommended by the Illinois Division 
of Highways on non-passing and passing 
sight distances for various classes of 
roads. Values below these minimums 
would be unsafe to use in design. 
Fig. A.4 
ALGEBRAIC DIFFERENCE OF GRADES IN PER CENT 
Lengths of Vertical Curves Required to 
Obtain Various Sight Distances (Illinois 
Division of Highways) 
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A.14 Length of Vertical Curves 
The minimum length of the vertical curve over a crest is usually dictated by the requirement 
of non-passing or safe-stopping sight distance. It is impractical to design the curve to provide 
for passing sight distance because of high construction cost where crest cuts are involved. 
In measuring sight distance at the crest of vertical curves, the height of the eye of a driver 
is assumed 4.5 feet above the road surface (Fig. 'A.3). The non-passing sight distance is specified 
as the longest distance at which the driver can see the top of an object 4 inches high on the road, 
based on the assumption that any object lower than 4 inches will not be a serious obstruction if 
hit. The passing sight distance at the crest is based on moving vehicles. The determination of 
passing sight distance is thus custcxnarily based on a height of 4.5 feet for both the eye and the 
object. 
The relation between the sight distance over the crest of a vertical curve, the length of 
vertical curve , and the difference in grade of the approaches can be determined by an application 
of simple geometry for the several dimensions and is usually shown in the form of a table or a dia-
gram for use in design. Fig. A.4 is a diagram prepared by the Illinois Division of Highways for 
designing vertical curves to meet sight distance requirements or for determining sight distance 
when the other two factors are known. Consider, for example, a crest formed by a 4 per cent grade 
upward (+4%) followed by a 3 per cent grade downward (-3%). The difference in grade of the 
approaches is 7 per cent. On a class .D soil-aggregate road, for a design speed of 50 mph, it may 
be found in Fig. A.4 that at least a 600 feet vertical curve must be used to provide a specified 
non-passing sight distance of 350 feet. 
Where there is a sag, the length of the vertical curve is generally governed by the headlight 
reach or the distance ahead that can be seen at night. In other words, the length of curve should 
be long enough so that the light beam distance is nearly the same as the safe stopping or non-
passing sight distance of a vehicle traveling at the assumed design speed of the road. Concerning 
vertical curves in sags, the Illinois Division of Highways prescribes, regardless of grade differ-
ences, a minimum length of 100 feet for class G roads and that of 200 feet for classes E, E-1, and 
F roads (Table A.I). For roads in classes A, B, C, and D the length of vertical curves is set in 
terms of the algebraic difference in grades but should not be less than 200 feet. As indicated in 
Table A.I, vertical curves in sags over 200 feet long should have a length equal to 50 times the 
grade difference for class D roads, or 100 times the grade difference for classes A, B, and C roads. 
A.15 Horizontal Alignment 
The horizontal alignment is the position of a road in the horizontal plane fixed by the center-
line of the road. It is made up of a series of straight lines calleQ tangents connected by circu-
lar curves (Fig. A.2). With the general course of the road controlled by fixed points along its 
route, the most desirable alignment is a problem of engineering economics and must be solved by an 
analysis of location inspection and surveys which are carried out as preliminaries to construction. 
Between control points the ideal alignment would be one laid on a tangent. Such direct 
alignment is not always possible, however, due to prohibitive cost of construction, excessive 
grades, interference with established improvements, or poor aesthetic qualities. As a general rule, 
alignment should be established with a view to provide safe and pleasant operating conditions at a 
minimum cost. It should be as direct as possible but consistent with the topography. 
To eliminate accident hazards sudden changes in alignment must be avoided as much as possible. 
Sharp curves should not be introduced at the ends of long tangents. An unexpected change from areas 
of easy curvature to areas of sharp curvature must be avoided, otherwise accident hazards will be 
created. The use of compound curves or reversed curves should be exercised only with caution and 
preferably shunned unless sufficient length of tangent between curves is provided. In relatively 
level topography the use of long curves of large radius should be preferrred to long tangents 
connected by relatively sharp curves. 
In addition to the above general considerations, there are several specific elements related 
to horizontal curves which deserve particular attention in the safe design of horizontal alignment. 
These elements are superelevation, transition of curves, and sight distance, and will be discussed 
in the following articles. The widening of road surface on sharp curves is sometimes worthy of 
consideration as a means of making operating conditions on curves comparable to those on tangents. 
There are no such special requirements, however, for low or moderately travelled roads (Classes D, 
E, E-1 , F, and G) in which classes soil-aggregate roads generally fall, according to the policy of 
the Illinois Division of Highways (Table A.l). 
109 
.1 3 
12 
II :r . 
I-
C i .1 0 
IL. 
0
.o9 
15 
~.oe 
a:: 
lr.07 
1-
::: .06 
IL. 
~ .05 
~ !i .04 
> 
.... 
~ .03 
~ 
::> .02 
., 
.01 
MAXIMUM SUPER~LEVAT 
\ 
i\ 
ON 
\ .. 
"\ 
.to r\.. 
"'"'-.o ~:> ,.~. ....~ ... 
'90~ 1' K..o. ~ ...... 
....... ~$0 ......... 
K~ . .o.A 
r'--. 
E ·~2- F 
E • SUPERELEVATION IN FE ET PER FOOT 
OF WIDTH 
S = SPEED IN MILES PER HOUR 
R• RADIUS OF CURVE IN FEET 
F• FRICTION FACTOR 
FOR 60 mph l.23E• 0.05 
FOR 50 mri l.68E • 0 ·02 
MAXIMUM SUPERE EVATION• 0 ·083FT 
MINIMUM SUPERELEVATION = 0· 025FT 
OMIT SUPERELEVATION WHEN RADIUS 
IS MORE THAN 12,000 FEET 
OMIT CROWN IN SURFACE COURSE AND 
STRUCTURE ON ALL SUPERELEVATED 
CURVES 
........ 
....... 
~- MIN. SUPERELEVATION 
.oo 
0 500 1000 1500 2000 2500 3000 
RADIUS OF CURVE, FT. 
5• 4• 
DEGREE OF CURVE 
Fig. A.5 Illinois Division of Highways Standard Superelevation Rates 
A.16 Superelevation on Horizontal Curves 
Most curved road sections are superelevated or tilted upward on the outside of the curve to 
counteract the centrifugal force which tends to cause the vehicle to overturn or skid outward from 
the center of the curve. The proper amount of superelevation considers the speed of traffic, the 
sharpness of the curve, and the friction between the tires and the road surface. The formula in 
Fig . A.5 is derived from pertinent laws of mechanics and may be used to determine the theoretical 
superelevation of a curve if all the factors are known. Superelevation is generally stated in feet 
of rise per horizontal foot across the road surface. 
Since vehicles using a road are of many different types and there is a considerable variation 
in their speeds of travel, it is necessary for practical purpose to limit the superelevation to 
sane certain maximum amount to insure c0111fort and safety for the ordinary driver under normal con-
ditions . The superelevation must be TRENCH TYPE 
compromised between the requirement of STANDARD STANDARD 
SHOULDER WIDTH traffic traveling at the maximum legal SHOULDER WIDTH 
speeds and slow-111oving vehicles and must r--1 ,.. ., 
:~;i:;c:::i~~e:'~~n!i:!!~~P c:::s t:!ow- I ~\ WW?!ZIW/U1;;X;:;J / "' . 
road surface is wet or icy. Based on ~ 
nationwide practice, 7 a maximum rate of ,/' 
0 .12 foot per foot appears to represent SLOPE SHOULDER DOWN t INCH PER FOOT 
a practical value in regions free of 
ice and snow. Where ice and snow are 
factors, a rate of about 0.08 foot per 
foot is a logical maximum. 
On very flat curves the friction 
between tires and road surfacing is suf-
ficient to counterbalance the effect of 
centrifugal force, and therefore, no 
superelevation is required. As the 
curvature becomes successively sharper, 
a point is reached where a superelevation 
FEATHER EDGE TYPE 
!SURFACE COURSE 
}/_ 
SLOPE SHOULDER DOWN -t INCH PER FOOT 
NOTE : SUPERELEVATION IS ROTATED 
ABOUT CENTER LINE 
FOR ELEVATION OF CENTER LINE OF 
COMPLETED SURFACE COURSE USE 
ELEVATION OF CENTER LINE SHOWN 
ON ROAD PLANS. 
Fig . A. 6 Illinois Division of Highways Practice 
for Superelevated Curves 
7 American Association of Stat e Highway Officials , A Policy on Geometric Design of Rural 
Highways (Washington: American Association of State Highway Officials, 1954) , p . 132 . 
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is desirable to help counteract the centrifugal force, a minimllll aAount of superelevation will be 
employed. This mini.mum superelevation is generally determined by drainage requireaents, and ranges 
from 0.008 foot per foot for high-type rigid surfaces to approximately 0.02 for low-type flexible 
surfaces, according to the policy of American Association of State Highway Officials.7 
The superelevation rates for surface courses of the Illinois Division of HighwaJB are shown 
graphically in Fig. A.5. It is indicated that no superelevation is demanded on curves where the 
radius is more than 12,000 feet. For curved road sections with a radius of less than 12,000 feet, 
the required amount of superelevation may be read directly from the graph if ·the design speed is 
given and the radius of the horizontal curvature is known. Under no circU11Stance should the super-
elevat ion be less than 0.025 foot per foot or more than 0.083 foot per foot. The superelevation 
should be accanplished by means of rotating the road section about the centerline by lowering the 
inside edge and raising the outside edge as shown in Fig. A.6 . 
When superelevation is required, provision must be made for gradual change in cross section 
from a normal crowned one on tangents to the fully superelevated one on curve. The distance re-
quired for accomplishing the transition from a normal to a superelevated section is a function of 
the design speed, degree of curvature, and the rate of superelevation. Some states employ the 
spiral curve and use its length in which to make the desired change in cross slope. The Illinois 
Division of Highways specifies no requirement of spiral curves but recommends the use of a mini.mUJll 
distance in which superelevation is attained for the given design speed and curvature. A value of 
50 feet, however, is the minimum to be used. In Fig. A.7 are given distances required for attain-
ing superelevation on road surfaces of various widths in accordance with the Illinois method. One-
half of the distance obtained from the chart should be on the tangent and one-half on the curve. 
A.17 Curvature and Length of Horizontal Curves 
The sharpness of a given circular curve may be indicated either by its radius or degree of 
curve. The latter is defined as the central angle subtended by an arc of 100 feet and varies in-
versely as the radius of the curve. (Fig. A.8) 
The mini.mum radius or maxi.mum degree of curvature for a given design speed is governed b~ the 
maximum rate of superelevation and the amount of friction that may be developed between the tires 
and the road surface. Use of curves sharper than this limit for the design speed would require an 
impractical rate of superelevation or a vehicle operation with tire friction beyond safe limits. 
For this reason, the minimum radius of horizontal curves for a given class of highways must be 
computed for the given design speed by using the limiting values of superelevation and side friction 
8 Ibid., p. 136 
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factor. Although it is frequently neces-
sary to use curves with the minimum radius 
the use of those with larger radius wher-
ever possible should be preferred in the 
interest of both economy and safety. 
The minimum radii of curvature for 
various classes of roads recanmended by 
the Illinois Division of Highways for 
varying . topographic conditions are shown 
in Table A.I. The absolute minimum radii 
are based on practical values of maximum 
superelevation and friction factor for the 
given speed of design. The desirable mini-
mum radii are based on approximately half 
the maximum superelevation and the re-
spective friction factor for the same 
design speed. It may be noted that the 
minimum radius varies as the design speed 
which is governed by the topographic condi-
tions. 
For a given minimum radius, the length of 
horizontal curves varies as the intersection angle 
(Fig. A.8) or the external angle of deflection be-
tween the two tangents. The larger the angle of 
intersection, the longer the length of the curve. 
For a small intersection angle, however, the curve is 
much foreshortened and appears much sharper to an 
approaching driver than it really is. Both for the sake 
I • tnter1ection Angle 
~C.= POint of Curvature 
P. T. • Point of Tangency 
P. I.• Point of lnteraection 
D • 5279.7/R 
Fig. A.8 Elements of a Circular Curve 
of appearance and for convenience to traffic, minimum lengths of horizontal curves, largely 
dictated by experience and judgment, are usually specified, regardless of angles of intersection , 
as part of the design standard. The minimum lengths of curves for various classes of roads re-
quired by the Illinois Division of Highways for varying topographic conditions are presented in 
Table A.I. 
A.18 Sight Distance on Horizontal Curves 
As a vehicle travels around a horizontal curve, the visibility may be limited on account of 
obstructions on the inside of the curve Common sight obstructions are buildings, walls, cut slopes, 
wooded areas, or high farm crops. For the sake of safe operations, these obstructions must be re-
moved or else the alignment must be changed. In all cases, a horizontal sight distance at least 
equal to the non-passing or stopping sight distance for the assumed design speed must be provided. 
For general nee in design of a horizontal curve, the minimum sight distance is measured along 
the curve and the line of sight is taken as a chord of the curve. The required middle ordinates 
for clear sight areas, at various degrees of curve, to satisfy non-passing sight distance require-
ments may be computed by simple geometry taking into consideration the several dimensions involved 
as indicated in the diagrammetric sketch and formulae in Fig. A.9. It may be noted that these 
formulae apply only to circular curves longer than the sight distance for the pertinent design 
speed. If the required sight distance exceeds curve length, the effect of obstructions on the in-
side of a curve on sight distance may be readily determined graphically. 
Height criteria do not influence design for horizontal curves to fit minimum stopping sight 
distance except where the obstruction is a cut slope. In the latter case, a height of 2.5 feet can 
be used to approximate the height at the midpoint of the sight line where the cut slope usually 
obstructs a sight. In case a bank setback is necessary, the required amount should be provided at 
this height. 
A.19 Coordination of Horizontal and Vertical Alignment 
Horizontal and vertical alignment should not be designed independently; they should complement 
each other and be established with due regard for coordination. While poor combinations of these 
two elements may spoil the good points and aggravate the deficiencies of each, a well coordinated 
design will generally increase utility and safety, encourage uniform speed, and improve appearance, 
almost always without additional cost. 
In harmonizing the horizontal and vertical alignment, proper balance must be provided between 
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grade and curvature. Flat horizontal curvature at 
the expense of steep or long grades and excessive 
sharp horizontal curvature combined with flat grades 
are both poor designs and must be adjusted within 
the practical limits of terrain and area traversed. 
Sharp horizontal curves at or near the low points of 
a pronounced sag vertical curve result in undesirable 
distorted appearance and perhaps erratic vehicle 
operation, and therefore must be avoided. Introduc-
ing a sharp horizontal curvature at or near the top 
of a pronounced crest curvature is also dangerous, 
particularly for night driving. To avoid the hazard 
of these arrangements, a flat horizontal curve longer 
than the vertical curvature aust be eaployed. 
The proper combination of horizontal and vertical 
alignment is generally attained by a process of 
graphical analysis. Working drawings are prepared 
with the profile plotted jointly with the plan; the 
values for controlling curvature, gradient, sight 
distance, superelevation, etc., for the selected 
design speed are checked graphically. After acareful 
study of the horizontal alignment and profile in con-
junct ion with all major controls, adjustments can be made jointly to obtain the desired coordination. 
At locations where the effect of certain combinations of line and grade are questionable, the ana-
lysis may be supplemented by models or perspective sketches. 
A.20 Road Intersections 
Road intersections consist of three main types: intersections at grade, grade separations 
without ramps, and interchanges. For roads of the soil-aggregate type, intersections are generally 
made at grade. Since the traffic volume on this type of road is relatively low, little inconvenience 
will occur at the intersection. 
The intersection area must be so designed as to provide adequately for turning and crossing 
movements. For this reason, the road surface at approaches or turns is usually widened. Horizontal 
alignment of intersecting roads should be as straight and vertical alignment as flat as practical. 
Grades on intersection approaches to be used by stopped vehicles should under no circumstances ex-
ceed 6 per cent and desirably should be less than 3 per cent. If a minor road intersects a major 
one at grade, the grade line of the major road should be carried through the intersection; and the 
minor road grade line should be adjusted to it. Intersecting roads should meet at or nearly at 
right angles, and unnecessary blending of the flow of traffic through sharp angles or reversed 
curves be avoided. 
Along both roads at an intersection there should be an unobstructed view of the whole inter-
section and a length of the intersection roads sufficient to permit control of the vehicle to avoid 
collisions. Any object comprising a sight obstruction at the intersection must be removed if 
economi~ally possible. Crop planting, for instance, in immediate area of intersection is a common 
sight obstruction and must be carefully controlled. At intersections where adequate sight distance 
cannot be provided for the design speed, the approach speed should be reduced to a value correspond-
ing to sight distance available; and the traffic should be carefully controlled by signs or signals. 
A.21 Railroad Grade Crossings 
Each railroad crossing at grade constitutes a potential danger point, and every effort should 
be made to minimize this danger. As a rule, the geometric design of a railroad grade crossing is 
made jointly with the determination of the warning and protective devices to be used. With signs 
only, the road should cross nearly at right angles. Even with signals or gates, small intersection 
angles should be avoided. The gradient of the road should be flat at and adjacent to the crossing, 
and for a suitable length the road i:l•1rface should have an all weather bituminous surfacing or a 
crossing made of wood planks. 
The warning and protective devices for railroad grade crossings consist primarily of three 
types: signs, signals (flashing lights), and automatic gates. These devices should be visible at 
a distance along the road at least equal to the stopping sight distance. Recommended standards and 
installation details of these devices are presented in a bulletin published by the Association of 
American Railroads and entitled "Railroad Highway Grade ci-oss ing Protect ion." Warning signs and 
markings are also covered in the "Manual on Uniform Traffic Control Devices" which may be obtained 
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from the Superintendent of Documents, U. S. Government Printing Office. 
According to the design policies of the Illinois Division of Highways, railroad crossings 
should preferably not be made at garde on classes A, B, C, and D roads, where railroad operation 
involves two or more tracks or where the railroad operates six or more regular train movements per 
day on a single track. If crossings must be made at grade on these roads, automatic or manual 
signal devices must be provided to protect traffic. For railroad grade crossings on classes E and 
E-1 roads, automatic or manual signal devices or reflectorized crossbucks are required. A railroad 
crossing at grade requires the provision of reflectorized crossbucks on class F roads and cross-
bucks without reflectorization on class G roads. 
A.22 Traffic Control Devices 
Traffic control devices most commonly. used on soil-aggregate roads are signs and signals. 
While full and proper use of these devices is of great benefit to the control and regulation of 
traffic, the misapplication or excessive use of them not only wastes public funds, but also results 
in delay, confusion, and disorder in the traffic stream. For this reason, they must be employed 
only where necessary. 
For maximum efficiency in the use of these devices, standardization with respect to design and 
placement and uniformity of application are of great importance. A joint committee of the American 
Association of State Highway Officials, the Institute oL Traffic Engineers, and the National 
CCX1111ittee on Uniform Traffic Laws and Ordinances has prepared a manual on uniform traffic control 
devices for streets and highways. 9 This aanual presents standards aimed toward uniformity in the 
design and use of such devices and has been accepted and adopted practically by all highway agencies 
in the country. In order to provide the uniformity necessary to avoid confusion on the part of the 
driver, reference must be constantly made to this manual regarding details in criteria, standards, 
design, location, and operation of any of these traffic control devices. 
A.23 Guard Rails, Guard Posts, and Guide Posts 
Guard rails, guard posts, or guide posts are safety devices placed along the edge of the road-
bed to protect traffic on high fills, at curves, on bridge approaches, or other points where vehicles 
accidently leaving the road would be subjected to considerable danger. The choice of the type of 
device is a matter of the hazard involved. Guard rails are intended to resist impact by deflecting 
the vehicle so that it continues to move at reduced velocity along the rail. Guard posts are 
NOTE : Where slOpes of 4'1 or flatter ore used and Ille toe of slope is not inundated, road 9uard and 9uord posts lllCIJ be omitted 
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9 Public Roads Administration, Manual on Uniform Traffic Control Devices for Streets and 
Bighwavs, (Washington: Public Roads Administration, 1948), pp. 7-169. 
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generally erected for identification or for warning of dangerous places. Guide posts are used only 
at locations where many motorists are confused regarding the direction of the road, particularly 
at night. 
The dangerous points along a road are obvious from the plans. The overall need for guard 
rails, guard posts, or guide posts, however, is best determined by field inspection as the grading 
nears completion. These installations are expensive to construct and maintain; they interfere with 
roadside mowing, shoulder maintenance, and snow removal, and often constitute hazards in themselves. 
For the above reasons, they should never be over-used. The policy of Illinois Division of Highways 
concerning road guard, guard posts, and earth slopes for fills is shown diagrammetrically in Fig. 
A.10. 
Various types of guard rails, guard posts, and guide posts are in use at the present time. 
Commonly used types of guard rails on soil-aggregate roads in Illinois are wooden guard rails, 
cable guard rails, steel plate guard rails, and wire-mesh guard rails. Guard posts are almost 
always made of wood, which, incidentally, is also the prevailing material used for the posts of 
different types of guard rails. Commonly used guide posts are either wooden or metal. They are 
usually assembled with reflector buttons or reflectorized material to improve their visibility at 
night. 
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APPENDIX B 
METHOD OF TESTING SOIL-AGGREGATE MATERIALS 
B.l Mechanical Analysis of Soils 
Purpose: The purpose of this test is to determine the distribution of grain sizes in a soil. 
F.quipment: The equipment shall consist of the following: 
Balance - A balance sensitive to 0.1 g. for weighing small samples . In case of large samples, 
a balance sensitive to within 0.1 per cent of the weight of the samples to be tested 
shall be used. 
Stirring Apparatus - A mechanically operated stirring apparatus with a dispersion cup. 
Hydrometer - An ASTM soil hydrometer No. 152H reading g./liter . 
Sedimentation Cylinder - A glass graduate 18 inches in height and 2-1 / 2 inches in diameter , 
and graduated for a volume of 1000 ml. 
Thermometer - A thermometer accurate to 1 deg . F. (0.5 deg . C.) 
Water Bath or Constant Temperature Room - A water bath or constant temperature room for 
maintaining the soil suspension at a constant temperature during the hydrometer 
analysis. 
Sieves - 8-inch diameter U. S. Standard Sieves consisting of the following sizes : 2-inch, 
1-1/ 2-inch, 1-inch, 3/ 4-inch, 3/ 8-inch, No . 4, No. 10, No. 40, and No . 200. 
Beaker - A beaker of 250 ml. capacity. 
Pycnometer - A pycnometer flask having a capacity of at least 100 ml. for determining the 
specific gravity of soils. 
Containers - Suitable containers such as matched watch glasses which will prevent loss of 
moisture during weighing . 
Drying Oven - A drying oven capable of maintaining a constant temperature of 110 deg . C. 
(230 deg. F.). 
Sample: The soil sample as received from the field shall be dried thoroughly in the air and the 
aggregations of soil particles then broken up in the mortar with the rubber-covered pestle , care 
being taken not t o break up individual soil particles or change the soil gradation by grinding the 
material . Repres entative samples of about 400 g. shall then be selected by the method of quar-
tering 1 or the use of sample splitter.2 The test sampl e shall be separat ed into two portions by 
means of the No . 10 sieve . The material retained on the No. 10 sieve shall be used for the coarse 
sieve analysis . The fraction passing the No . 10 sieve shall be thoroughly mix ed and by the use of 
the sample splitter a portion weighing approximately 110 g. for sandy soils or 60 g. for silt and 
clay soils shall be used for the hydrometer and fine sieve analysis , and a portion weighing 
approximately 10 g . for the determination of the hygroscopic moisture of the soil. For deter-
mining the specific gravity of the soil, a part of the soil passing the No . 10 sieve shall be 
1 In the quartering method, the sample shall be placed on a suitable surface where there will be 
neither loss of material nor accidental addition of foreign matter. The soil sample shall be 
shoveled into a conical pile by depositing each shovelful on top of the preceding one. The 
conical pile shall be flatteneG with a shovel , spreading material to a circular layer of 
uniform thickness . The flattened mass shall then be marked into quarters by two lines that 
intersect at right angles at the center of the pil e. The diagonally opposit e quarters shall 
then be removed and the cleared spaces brushed clean. The remaining mat erials shall be mix ed 
and quartered successively until the sample is r educed to the desi red size. 
2 Wh en a sample splitt er is used, the entire sampl e shall be passed through the splitt er, 011e-
half set aside and the other half split again . The procedure shall be r epea t ed until th e 
sample is reduced to the desired size . 
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dried for at least 12 hours, or to constant weight, in an oven maintained at 110 deg . C. The 
weight of the oven-dried sample shall be at least 25 g . 
Procedure: A. Sieve Analysis of Fraction Retained on No. 10 Sieve. The portion of the sample 
retained on No. 10 sieve shall be divided into a series of sizes by the use of the 2-inch, 1-1/2-
inch , 1-inch , 3/ 4-inch, 3/ 8-inch , and the No. 4 sieve. Fractions retained on each sieve shall be 
weighed accurately and weights recorded . 
The sieving operation shall be conducted by means of a lateral and vertical motion of the 
sieve, accompanied by jarring action so as to keep sample moving continuously over the surface of 
the sieve . In no case shall fragments in the sample be turned or manipulated through the sieve by 
hand . Sieving shall be continued until not more than 1 per cent by weight of the residue passes 
any sieve during 1 minute. 
·s. Hydrometer and Sieve Analysis of the Fraction Passing the No. 10 Sieve. 
(1) Dispersion of soil sample . 50 g. of most soils or 100 g. of very sandy 
s oils shall be taken from the fraction passing the No. 10 sieve, weighed, placed in a 250 ml. 
beaker , covered with 125 ml. of a 4 per cent (45 .7 g. per liter) solution of sodium hexameta-
phosphate 3 in distilled water, and allowed to soak for a minimum of 12 hours . The contents of the 
beaker shall then be washed with distilled water into the dispersion cup until the cup is more 
than half full . The cup shall then be inserted in the stirring apparatus and the contents of the 
cup mixed for a period of 1 minute . 
(2) Hydrometer test. After dispersion the cup shall be emptied into the 1000 
ml . graduate and distilled water having the same temperature as the constant temperature bath added 
until the mixture attains a volume of 1000 ml. The graduate containing the soil suspension shall 
then be placed in the constant temperature bath. When the soil suspension has attained the tem-
perature of the bath, the graduate shall be removed and its contents thoroughly shaken for 1 minute, 
the palm of the hand being used as a stopper over the mouth of the graduate . 
At the end of the shaking, the time shall be recorded, the graduate placed in the bath, and 
readings of both the hydrometer and thermometer taken at the end of 2, 5, 15 , 30, 60 , 250 , and 
1440 minutes . The readings of the hydrometer shall be made to the top of the meniscus . The 
hydrometer shall be read to the nearest 0 . 5 g . per liter. Readings on the thermometer placed in 
the constant temperature bath shall be made immediately after each hydrometer reading. 
After each reading the hydrometer shall be carefully removed and placed with a spinning motion 
in a graduate of clean water. About 25 or 30 seconds preceding the next reading, it shall be taken 
from the clear water, carefully inserted into the suspension , and allowed to come to rest before 
making the reading. 
(3) Fine Sieve Analysis. At the end of the final reading of the hydrometer, 
the graduate shall be emptied onto a No. 200 sieve and the suspension washed on it. The material 
retained on the sieve shall be dried and sieve analysis made, using the following sieves : No . 40, 
No . 60 , and No . 200 . The weight of the fraction retained on each sieve shall be recorded. 
C. Hygroscopic Moisture . A 10 g. portion of the fraction of the air-dried sample 
passing the No. 10 sieve shall be used for the determination of the hygroscopic moisture . This 
portion of the sample shall be weighed , dried to constant weight in an oven at 110 deg. C., weighed 
again , and the results recorded . The ratio of the oven-dry weight to the air-dry weight is called 
hygroscopic moisture correction factor . The moisture correction factor shall be used to convert 
the air-dried weight of the soil used in hydrometer analysis to oven-dry weight . 
D. Specific Gravity . An oven-dried soil weighing at least 25 g. shall be used for the 
determination of specific gravity. The oven-dried sample shall be cooled in a desiccator, weighed 
upon removal from the desiccator, and then soaked in distilled water for at least 12 hours. 
Before making the determination , the pycnometer shall be cleaned and dried . It shall then be 
filled to the mark with distilled water at a temperature of 20 deg. C. and all surplus water wiped 
from the surface of the pycnometer. The pycnometer plus water shall then be weighed and the weight 
recorded . • 
The pycnometer shall th en be emptied. The soaked soil sample shall be placed into the pycnom-
et er , and distilled water add ed to fill the pycnometer about three-fourth full . The bottle shall 
· NaP0:3 or (NaP0:3) 6 which is market ed at "Calgon". Other commonly used dispersing agents include 
s odium pol yphos , sodium tripolyphosphate , sodium tetraphosphate and sodium silicate . 
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then be att ached to a vacuum source and a gentle vacuum applied . During the appli cation of vacuum, 
the pycnometer shall be twirled between the fi ngers to aid in removing entrapped air from t he 
sample. 
When no mor e a ir bubbles rise through the fluid in the pycnometer, the vacuum shall be dis-
connect ed a nd t he tempera t ure of pycnometer and contents ad j us ted t o 20 deg. C. The pycnometer 
s ha ll t hen be fi l led t o t he mark with distilled wa ter a t 20 deg. C. The weight of t he pycn ometer 
and contents shall be det ermined and r ecor ded . 
Calculations : A. Coarse Material. From the weight of the air-dried t otal test sample subtrac t 
t he weight of the fraction retained on the· No. 10 sieve . The difference is assumed to be the 
weight of the air-dried fraction passing the No. 10 sieve . The oven-dry weight of the fraction 
passing the No . 10 sieve shall be calculated by multiplying the air-dry weight by the hygroscopic 
moisture correction factor as noted under procedure. To this value shall be added the weight of 
the fraction retained on the No. 10 sieve to obtain the weight of the total test sample . 4 The 
fractions retained on the No . 10 and coarser sieves shall be expressed as percentages of the 
corrected weight of the total test sample . 
Percentage retained on any sieve weight of soil retained lOO% total soil weight x 
The cumulative percentage of total sample passing each sieve shall be obtained by summing all 
the percentages retained on the sieves finer than that sieve. It actually refers to the amount of 
sample that would pass each sieve if there were no finer sieves used in the sieve analysis. 
B. Percentage of Soil in Suspension. The reading of the hydrometer indicating the 
density of the suspension or per cent of soil in suspension is based on a unit weight value of 
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2 . 65 g. / c . c . for the soil particles at a standard 
temperature of 67 deg. F . (19 . 4 deg . C. ) . Hydrometer 
readings made in conditions other than the above 
standard shall be subject to two corrections: first 
for the displaced volume of the hydrometer at any 
temperature other than the standard for which it was 
calibrated, and second for any variation in the net 
density of the soil suspension caused by variation 
in the specific gravity of the soil particles from 
the assumed average value of 2 . 65 . 
The first correction, designated as .6.R , is a 
temperature correction which should be determined 
experimentally for each hydrometer used . This 
correction may be obtained by observing the eleva-
tion of the zero point of the hydrometer with respect 
to the top of the meniscus.at various temperatures in 
distilled water. A graph of the corrections thus 
obtained should be plotted against temperatur e . A 
typical correction curve is shown in Fig . B. l . 
For making the second correction , the specific 
gravity of the soil used for hydrometer analysis 
shall be calculated as follows : 
Wo Specific gravity, G = w (w w ) 
"o + "a - " b 
weight of sample of oven-dry soil 
weight of pycnometer filled with water 
weight of pycnometer filled with water 
and soil . 
4 It may be noted that according to this assumption no hygroscopic moisture is contained in the 
air-dried particles retained on the No . 10 sieve , when as a matter of fact a small per centage 
of moisture may be present in this fraction . This amount of moisture , however , is r elative l y 
small compared with that held in the pores of the fracti on passing the No . 10 sieve . Ther e-
f or e, any error produced by the assumption may be considered negligible in amount . 
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When the specific gravity of the soil particles , as determined above , is other than the value 
of 2.65 for which the test is standardized, the grams per liter of soil in suspension as read from 
the hydrometer shall be corrected by a factor "a" . In Table B.l is shown the value of the correc-
tion factor "a" for various values of the specific gravity G. 
Table B.l VALUES OF "a" FOR DIFFFBENT SPECIFIC GRAVITIES 
Specific Gravity, G Constant, a 
2.95 0.94 
2 . 85 0.96 
2.75 0.98 
2.65 1.00 
2 . 55 1.02 
2.45 1.05 
2.35 1.08 
The percentage of dispersed soil remaining in suspension at any given time is calculated as 
follows: 
P= Ra xlOO w 
where: P Percentage of originally dispersed soil remaining in suspension, i.e., percent smaller 
or passing any size 
R corrected hydrometer reading (original reading +L'1R) 
a correction factor for specific gravity of suspended soil 
W oven-dry weight of total test sample. 
C. Diameter of soil particles in suspension. The nominal diameter of particles in 
suspension after a specified period of time is given by Stokes Law of sedimentation which may be 
expressed as follows: 
/ 30 n L 
d = ,j980 (G - G1) T 
where: d maximum grain diameter in millimeters. 
n coefficient of viscosity of the suspending medium (in this case water) in poises. 
L distance in cm. through which soil particles settle in a given period of time . 
T time in minutes, period of sedimentation. 
G specific gravity of soil particles, and 
G1= specific gravity of suspending medium (approximately 1 for water) . 
The maximum grain diameter in suspension corresponding to the periods of sedimentation spec-
ified in this procedure are given in Table B.2 for the conditions assumed as standard. These 
conditions are as follows: 
(a) The specific gravity, G, of the soil particles is constant and equal to 2 .65 . 
(b) The coefficient of viscosity, n, is equal to that of water 0 .0102 at 67 deg . F . 
(19 .4 deg. C.) . 
(c) The distance, L, through which the particles fall in the given time period is constant 
and equal to 17 . 5 cm. 
The grain diameters shall be corrected for conditions other than the above assumed by mai.ns 
of the following formula: 
where : d =corrected grain diameter in mm . 
d' = grain diameter obtained from Table B. 2 
~ = correct ion factor for the distance through which the particles fall . The 
coefficient KL for each hydrometer reading shall be calculated by the formula: 
distance from the hydrometer reading to center of volume of hydrometer 
17.5 
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wher e : KG= correction f actor obtained from Fig . B.2 for variation in speci fi c gra vit y 
of the soil . 
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cor rection f a c t or obta i ned from Fig . B.2 for var iation in viscos i t y of 
suspending medium . 
Table B. 2 MAXIMUM GRAIN DIAMETER IN SUSPENSION UNDER ASSUM.ED CONDITIONS 
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CORRECTION COEFFICIENT, K<;1 , FOR CORRECTION COEFFICIFNT, Kn ,FOR 
VARIATION IN SPECIFIC 6RAVIT'Y VARIATION IN VISCOSITY OF SUSPEN· 
DING MEDIUM 
Fig. B.2 Grain Diameter Correction Curves for Variation in Specific 
Gravity of Soil and in Viscosity of Suspending Medium 
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D. Fine Sieve Analysis . After washing the residue from the hydrometer analysis 
over the No . 200 sieve, drying , and screening as noted und er the procedure , the weight of each 
fraction retained on the various sieves shall be converted into per cent of the original sample . 
The percentage of the dispersed soil sample retained on each of the sieves shall be obtained by 
dividing the weight of fraction retained on each sieve by the oven-dry weight of the dispersed 
soil and multiplying by 100 (The oven-dry weight of the dispersed soil sample shall be calculated 
by multiplying the air-dry weight by the hygroscopic moisture correction factor as noted under 
procedure) . The percentage of the total test sample shall be obtained by multiplying these values 
by the expression: 
100 - per cent retained on No . 10 sieve 
100 
The cumulative percentage of total sampl e passing each sieve shall be obtained by summing al l 
t he percentages retained on the sieves finer than that sieve. 
Report : The combined results of the coarse sieve analysis , hydromet er anal ysis and fin e si eve 
analysis shall be plotted on semi-logarithmic paper to obtain a soil particl e size dis t ribution 
cur ve (Secti ons 2. 2 , 3 .3) . The particle size in millimeters shall be plotted as logarithmic 
abscissae and per cent passing plott ed as arithmetic ordinates . The results , read from the size 
dis tr ibution curve , shall be reported as follows : 
l. Parti c les larger than 2mm .. . ...... . ... . ........ per cent 
2 . Coarse sand , 2 . 0 to 0 .42 mm ...... . ... . ..... . .. .. per cent 
3 . Fi ne sand , 0 .42 to 0 . 074 mm ... . . .. .. . . . .. . ... . .. per cent 
4 . Silt , 0 .074 to 0 .005 mm ... . .. . ........ . ...... . . per cent 
5 . Clay , smaller than 0 . 005 mm .. . . . ....... . ... .. . . per cent 
6 . Colloids , smaller than 0 . 001 mm . . . .. . ... ... .. .. . per cent 
The results of complete mechanical analysis furnished by the combined sieve and hydrometer 
analyses shall be reported as follows : 
SIEVE ANALYSIS 
Sieve Size Per cent Passing 
2-inch .. . . . .............. . .. . .... .. .. . . · .. . . · · 
1-1/ 2-inch . .... .. . .. .... . .. ... . . .. . .... . . . .. . . 
1-inch . ..... . . . . . . ... .... . ...... . ... . .. . .. .. . . 
3/ 4-inch ...... . . .. .. .. . ... ... . ..... . . .. . . .. . . . 
3/ 8-inch .... . ..... ... ...................... . . . 
No. 4 . ...... . ... ... . . . .. ... . . . . . . .. . . . . . . . .. . . 
No . 10 .... . . .. . .. ... ........ . . .. .. ....... . . . . . 
No . 40 .. . ... . ...... . ... . . . . . ..... . .. . . . ..... . . 
No . 200 .. . . . .... .. ... . .... . .. . . . .... . . . .... . . . 
HYDROMETER ANALYSIS 
Smaller than Per Cent 
.02 mm . . . . .. . .. . .. .. .. . . . .. . .... . . ... ... ... .. . 
. 005 mm . . .... . ........ .. .. . ........ .. ...... . . . 
. 001 mm . .. .. .... ... .. . . . .. . ........ . ......... . 
B.2 Liquid Limit of Soils 
Purpose : The purpose of this test is to determine the liquid limit of a soil which is defined as 
the water content , expressed as a percentage of the weight of the oven-dried soil, at which the 
soi l is suffic iently fluid to flow a specified amount when lightly jarred 25 times in a standard 
apparatus . 
F.quipment : The equipment shall consist of the following: 
Liquid Limit Device - A mechanical device consisting of a brass dish and carriage as shown in 
Fig . B.3. 
Grooving Tool - A combined grooving tool and gage as shown in Fig . B.3 . 
Evaporating Dish - A porcelain evaporating dish about 4-1 / 2-inch in diameter . 
Spatula - A spatula having a blade about 3-inch in length and about 3/ 4-inch in width . 
Containers - Suitable containers such as matched watch glasses which will prevent loss of 
moisture during weighing . 
Balance - A balance sensitive to 0 . 1 g. 
Drying Oven - A drying oven capable of maintaining a constant temperature of 110 deg . C. 
(230 deg . F . ) 
Sample: An air-dried sample we ighing appr oximatel y 50 g . shall be taken fr om th e thor oughl y mix ed 
portion of t he material passing the No . 40 sieve. 
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Procedure: 
(1) Ad justment of Liquid Limit Device. By means of the gage on the handl e of the grooving 
t ool, and the adjustment plate H on top of the frame carrying the cra nk, the height to which the 
cup is lifted shall be adjust ed so that the point on the cup which comes in contact with the base 
is exactly 1 cm. above the base. The adjustment plate H shall then be secured by tightening the 
screws . 
(2) The soil sample shall be placed in the evaporating dish and thoroughly mix ed with suffi-
c ient distilled water to form a uniform mass of stiff, putty-like consistency. The mixing shall 
be done by alternately and repeatedly stirring , kneading , and chopping with a spatula . Care must be 
exercised not to get the sample too wet. 
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GROOVING TOOL 
MECHANICAL 
LIQUID LIMIT DEVICE 
Fig . B.3 Mechanical Liquid Limit 
Device & Grooving Tool 
made in each of the following ranges of blows: 25-35, 
is to obtain moisture samples of such consistency that 
groove will be above , near to, and below the specified 
(3) A sufficient quantity of the 
mixed soil sample shall then be placed 
in the brass cup and the soil surface 
leveled off with the spatula so that 
the maximum depth of the soil in the 
cup shall be 1 cm. The soil pat in 
the cup shall be divided by means of 
the grooving tool along the diameter 
of the cup normal to the hinge line . 
(4) The cup shall be lifted and 
dropped by turning the crank at the 
rate of two revolutions per second 
until the two sides of the soil pat 
come into contact at the bottom of the 
groove along a distance of 1/ 2 inch . 
The number of blows required to close 
the groove this distance shall be 
recorded. A portion of the sample , 
extending from edge to edge of the 
soil cake at right angles to the 
groove and including that portion of 
the groove in which the soil flowed 
together, shall be removed with the 
spatula and transferred to a pre-
viously-weighed container . The weight 
of the container plus moist soil shall 
be weighed and recorded; and the soil 
in the container shall be oven-dried 
to constant weight at 110 deg. C. 
(230 deg. F. ) . 
(5) The foregoing operations 
shall be repeated for two additional 
portions of the same sample to which 
increasing amount of moisture has been 
added to produce an increasingly fluid 
conditions in the soil sample. For 
accurate determination of liquid limit , 
at least one determination shall be 
20-30 , 15-25. The object of the procedure 
the number of blows required to close the 
25 blows for the liquid limit. 
(6) After the moist samples have been thoroughly dried in the oven, the containers with dry 
samples shall be weighed and the weights recorded. The loss in weight of each sample due to 
drying shall be recorded as the weight of water. 
Calculation: The water content shall be expressed in terms of percentage of the weight of the 
oven-dried soil as follows : 
weight of wet soil - weight of oven-dry soil x 100 Percentage moistux:e = -
weight of oven-dry soil 
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Flow Curve: A fl ow curve , representing the relation between water content and the corresponding 
nwnber of blows shall be plotted on semi-logarithmic paper. Number of blows shall be plotted as 
abscissae on the logarithmic scale and water content plotted as ordinates on the arithmetic scale. 
A straight line shall be fitted to the plotted points (Fig . 8.4). The liquid limit of the soil 
shall be taken as the water content at the intersection of the flow curve and the 25 blow ordinate. 
8 . 3 Plastic Limit of Soils 
Purpose : The purpose of this test is to determine 
the plastic limit of a soil which is defined as the 
water content, expressed as a percentage of the 
weight of the oven-dried soil at which the soil 
begins to crumble when rolled into threads 1/ 8 inch 
in diameter. 
Equipment: The equipment shall consist of the 
following: 
Evaporating Dish - A porcelain evaporating dish 
about 4-1 / 2-inch in diameter. 
Spatula - A spatula having a blade about 3-inch 
in length and about 3/ 4-inch in width . 
Surface for Rolling - A ground glass plate or a 
piece of smooth, unglazed paper on which 
to roll the sample. 
Containers - Suitable containers such as matched 
watch glasses which will prevent loss of 
moisture during weighing . 
Balance - A balance sensitive to 0.1 g. 
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Fig. 8.4 Typical Flow Curve 
Drying Oven - A drying oven capable of maintaining a constant temperature of 110 deg. C. 
(230 deg . F) . 
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Sample: An air-dried sample weighing approximately 20 g. shall be taken from the thoroughly mixed 
portion of the material passing the No . 40 sieve. (When the plastic limit test is made after a 
liquid limit test, a sample remaining in the cup immediately after the completion of the liquid 
limit test shall be used.) 
Procedure : 
(1) When a new sample of air-dried soil is used, it shall be transferred to the evaporating 
dish and sufficient water added to the mass until it becomes plastic enough to be readily shaped 
int o a ball . A portion of the plastic sample weighing approximately 8 g . shall be formed into a 
uniform mass roughly ellipsoidal in shape. The ball of moist soil shall then be placed on the 
ground glass plate or piece of smooth , unglazed paper and rolled with the palm and fingers with 
just sufficient pressure to form the soil mass into a thread. When the diameter of the thread 
becomes 1/ 8 inch with no sign of crwnbling, the s oil shall be kneaded together and again rolled 
out . This process shall be continued until the soil thread just begins to crwnble at 1/ 8 inch in 
diameter . The thread may break into pieces before reaching 1/ 8 inch diameter during the rolling 
process. This shall be considered a satisfactory end point provided the soil has been previously 
rolled into a thread 1/ 8 inch in diameter. 
(2) The portions of the crwnbled soil shall then be placed in a previously-weighed container . 
The container plus sample shall be weighed and the weight recorded. The soil in the container shall 
then be oven-dried to constant weight at 110 deg . C. (230 deg . F) . After drying, the container 
with soil in it shall be removed from the oven, weighed, and the weight recorded . The loss in 
weight due to drying shall be recorded as the weight of water . 
Cal culati on: The plasti c limit shall be expressed as th e moisture content in percentage of the 
weigh t of the oven-dry soil and shall be calculated as follows: 
Plasti c limit = weight of wet soil - weight of oven-dry soil x 100 
weight of oven-dry s oi l. 
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B. 4 Plasticity Ind ex of Soils 
Cal culation: The plasticity index of a soil is the nwnerical diff erence be tween its liquid limit 
and its plastic limit and shall be calculated by the formula : 
Plasticity index • liquid limit - plastic limit 
Wh en the liquid limit or plastic limit cannot be determined, the plasticity index shall be 
reported as NP (non-plastic). 
B. 5 Compaction Test 
Purpose: The purpose of this test is to determine the relationship between the moisture content 
and the dry density of a soil under a standard amount of compaction. 
Equipment: The equipment shall consist of the following: 
Mold - A cylindrical metal mold having a volwne of 1/ 30 cu . ft . with an internal diameter of 
4.0 inches and a height of 4 .6 inches , which has a detachable collar approximately 
2-1/ 2 inches in height (Fig. 8 . 5) . 
Tamper - A metal tamper having a 2-inch diameter and weighing 5.5 lbs . The tamper shall be 
equipped with a suitable arrangement to control a drop of 12 inches . 
1· 
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Fig. B.5 Cylindrical Mold for 
Moisture-Density Test 
sieve, approximately 6-lb. in weight, shall be selected . 
Procedure: 
Sleeve - Closed cylindrical sleeve 
slightly less than 4 .0-in . in 
diameter or similar device for 
removing compacted soil from the 
mold. 
Sieve - A No. 4 U. S . Standard sieve . 
Mixing Tools - Miscellaneous tools 
such as mixing pan , spoon , 
trowel , spatula , etc. 
Straightedge - A steel straightedge 
12 inches in length . 
. Graduate - A glass graduate calibrated 
for a volwne of 250 ml . 
Containers - Suitable containers such 
as matched watch glasses which 
will prevent loss of moisture 
during weighing. 
Balances - A balance of 25-lb. 
capacity sensitive to 0 . 01 lb. 
and a balance of 100 g. capacity 
sensitive to 0.1 g. 
Drying Oven - A thermostatically 
controlled drying oven capable 
of maintaining temperatures of 
about 110 deg . C. (230 deg . F . ) 
for drying moisture samples . 
Sample: A sample of the thoroughly mixed 
air-dried material passing the No. 4 
(1) Before beginning the test the compaction mold pl~s base plate but without the collar 
shall be weighed to the nearest gram and the weight recorded. 
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(2) The air-dried soil sample shall be transferred to the mixing pan. Sufficient amount of 
water shall be added to the soil and thoroughly mixed into the soil. After mixing , the moist soil 
shall be compacted in the mold (with collar attached) in three equal layers to give a total com-
pacted depth of about 5 inches . F.a ch layer shall be compacted by 25 blows of the tamper having a 
weight of 5 .5 lb . with a free fall of 12 inches . The blows shall be uniformly distributed over the 
layer being compacted. 
(3) After the specimen has been compacted , the collar shall be removed from the mold . The 
excess compacted soil remaining above the lip of the mold shall then be carefully struck off level 
with the edge of the mold using the straightedge. The mold plus compacted soil shall be weighed 
and the weight recorded . This weight minus the weight of the mold shall then be multiplied by 30 
to give the wet weight per cubic foot of the compacted soil . 
(4) The compacted sample shall then be extruded from the mold, split vertically through the 
center, and a sample for moisture determination taken from one of the cut faces. The moist sample 
shall be transferred immediately to a previously weighed container, weighed, and dried in an oven 
at 110 deg. C (230 deg. F . ) for at least 12 hours or to constant weight to determine the moisture 
content. The remainder of the specimen shall be broken up, combined with the material left from 
molding the specimen and passed through a No . 4 sieve . 
(5) The foregoing procedure shall be repeated for succeeding trials, mixing in each case, an 
additional amount of water approximately equal to 2 per cent of the dry weight of the original soil 
sample . ~ The series of determinations shall be continued until two successive trails at increasing 
moisture contents show a decrease in weight for the mold plus moist soil. 
Calculations : The water content and dry weight per cubic foot of the soil as compacted in each 
trial shall be calculated as follows: 
w1 w2 
x 100 w 
w2 w c 
D • 
Dl 
x 100 
w + 100 
where : W a water content in per cent based on oven-dry weight of soil 
W1• weight of wet soil plus container 
W2= weight of oven-dry soil plus container 
We= weight of container 
D = dry weight per cubic foot of compacted soil, and 
D1· wet weight per cubic feet of compacted soil . 
Plotting: The values of dry density in pounds per cubic foot shall be plotted, as ordinates , 
against their respective water contents, as abscissae, to obtain a moisture density relationship 
curve (Fig . 3 . 12) . The optimum moisture content shall be taken as the moisture content at which 
maximum dry density occurs . Both the optimum moisture content and the maximum dry density shall be 
indicated on the chart . 
B.6 Field Determination of Density of Soils in Place 
Purpose : The purpose of this test is to determine the density of soil in place. The test may be 
made on the existing materials at selected places or on compacted materials in roadways or embank-
ments . 
Equipment: The equipment shall consist of the following: 
Sampling Tools - A 4-inch or 6-inch soil auger or other cutting tools necessary for boring a 
hole to the desired depth for fine-grained soils. For gravelly or stony soils an ice 
pick , chisel, screw driver , or other hand tools of similar type . Small brush, trowel, 
spoon . or similar articles for removing material from the hole. 
Soil Tray and Pans - A soil tray similar to that shown in Fig . B.6. Pans or other containers 
of suitable size for collecting, weighing , and drying soils. 
Measur e - A cy lindrical measur e o f known volume having a capa ci ty not less than 1/ 10 cu. ft . 
with the height and diameter appr oximat ely equal. 
Smaller increments may be used for s oils that ar e espec ially s ensit ive t o moisture change. 
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Sand or Oil - Approximately 20 pounds of dr y sand or 2 gallons of heavy lubricating oil. Th e 
sand shall be clean, dry , and f r ee-flowing , preferably passing a No. 20 sieve and 
r e tained on the No. 30 si eve. The oil shall be free-flowing at atmospheric temperature . 
SAE 40 i s usually satisfact ory. 
Balances - A balance of 30-lb . capacity sensitive to 0 .01 lb . and a balance of 100 g.capacity 
sensitive to 0 . 1 g. 
Drying F.quipment - A gasoline stove or other suitable apparatus for drying samples in the 
field. 
Procedure : (1) The unit weight of the sand in pounds per cubic foot shall be determined by pouring 
the sand into the cylindrical measure of known volume through a funnel or from a container with a 
funnel spout from a fixed height. The measure shall be 
filled until the sand overflows and the excess shall be 
struck off with a straightedge . The weight of the sand 
in the measure shall be determined and the unit weight 
computed and recorded. 
The unit weight of the oil in pounds per cubic foot 
may be determined by pouring the oil into the measure at 
approximately the same rate used in filling the test 
hole . The measure shall be filled level full. The weight 
of the oil in the measure shall be determined and the 
unit weight computed and recorded. 
In either case, the unit weight to be used shall be 
the average of not less than three determinations . 
(2) The surface of the test area for the soil tray 
shall be made smooth and level with all loose soil 
removed . 
(3) The soil tray shall be set on the level surface . 
Fig . 8 .6 Soil Tray A hole below the opening in the bottom of the soil tray 
shall be bored with an auger in fine-grained soils or 
dug with hand tools in gravelly or stony soils to the full depth of the soil layer whose density is 
to be determined . All soil removed including any spillage caught in the soil tray shall be placed 
in pans . The hole shall be cleaned with a brush and all loose particles shall be removed from the 
hole with a large spoon or other suitable apparatus . Extreme care shall be taken to avoid losing 
any material removed from the test hole. 
(4) All material removed from the hole shall be weighed immediately and the weight recorded . 
The material shall be mixed thoroughly and a representative sample shall be taken for moisture 
determination . The moisture content of the .sample shall be determined and recorded. 
(5) The volume of the test hole shall be determined with sand in fine-grained soils in whi ch 
a hole with smoot h sides may be bored. Oil shall be used in gravelly or stony materials in which 
the aggregate particles project from the sides of th e hol e. The volume of sand or oil shall be in 
excess of that required to fill the test hole. The sand or oil shall be weighed and the weight 
recorded. 
(6) When sand is used, the soil tray shall be removed and the sand poured into the test hole 
by the same procedure used in the determination of the unit weight until the hole is filled flush 
with the original surface. When oil is used the soil tray shall be left in place and the oil shall 
be poured until the oil surface meets the gage point on the cross bar of the soil tray that has 
been pre-adjusted to indicate the original elevation of the ground at the center of the hole . In 
porous materials , the oil shall be poured rapidly . 
The remaining sand or oil shall then be weighed and the weight recorded . 
(7) After completion of the test , as much of th e sand or oil as can be removed from th e test 
hole without the inclusion of foreign matter shall be reclaimed for use in future t ests . 
Calculations: Th e wet weight and dry weight per cubic foot of the soil in place shall be cal-
culated as follows: 
W1 - W2 
v d 
D1 
w 
v 
D D1 
w 
1 + 100 
where: v volume of test hole 
W1 original weight of sand or oil 
W2 weight of remaining sand or oil 
d unit weight of sand or oil 
w weight of wet soil taken from test hole 
D1 wet weight per cubic foot of soil 
D dry weight per cubic foot of soil 
w water content in per cent based on oven-dry soil . 
B.7 Sieve Analysis of Fine and Coarse Aggregates 
Purpose: The purpose of this test is to determine the particle size distribution of fine and 
coarse aggregates. 
F.quipment : The equipment shall consist of the following: 
Sieves - The sieves shall be the standard sieves with square openings of 3-inch, 2-1 / 2-inch, 
2-inch, 1-1 / 2-inch,l-inch, 3/ 4-inch , 1/ 2-inch, 3/ 8-inch, No. 4 size, No. 8 size , No. 16 
size, No. 40 size, and No. 200 size or any other sizes as may be required to test the 
materials in accordance with specification requirements. The sieves shall be mounted on 
substantial frames constructed in a manner that will prevent loss of material during 
sieving. 
Balance - A balance shall be sensitive to within 0 . 1 per cent of the weight of the sample to 
be tested. 
Drying Oven - A thermostatically controlled drying oven capable of maintaining temperatures 
of about 110 deg. C (230 deg . F . ) . 
Sampl e: 
(1) In the case of a fine aggregate, samples for sieve analysis shall be reduced to test size 
by either the quartering or the use of a sample splitter. F.ach sample shall weight, aft er drying , 
approximately the amount indicated as follows: 
Material with at l east 95% fin er than a No . 10 sieve ........... .... . .... 100 g. 
Mat erial with at l east 90% finer than a No. 4 sieve and more than 
5% coarser than a No . 10 sieve ... . . . .. . ...... ....... .... . ...... .. . . .... 500 g. 
Under any circumstance, howev er , the fra cti on retained on any sieve, at the end of the sieving 
operation, shall not we igh · more than 4 g . per square inch of sievi ng surface. 
(2) In the case of a coarse aggregate, samples for sieve analysis shall be reduced t o test 
size by either the quartering or th e use of a sample splitter. F.ach sample shall weigh, after 
drying, approximately the amount indicated as follows: 
Nominal Max . Size of 
Particle , in . 
3/ 8 
1/ 2 
3/ 4 
1 
1-1 / 2 
2 
2-1 / 2 
3 
3-1 / 2 
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Minimum Weight of 
Sampl e, g. 
1,000 
2 , 500 
5,000 
10,000 
15 ,000 
20 ,000 
25 , 000 
30 ,000 
35, 000 
(3) I n t he case of a mi xtur e of fin e and coar s e aggrega te, the mat er i al shall be s eparated 
into t wo sizes by means of a No. 4 si eve. The samples of f ine and coarse aggregates s ha l l be 
pr epared in accordance wi th (1) and (2) . 
Procedure : 
(1) The test sample shall be dried t o constant weight at a temperature not exceeding 110 deg . 
C. (230 deg. F.) . The sample shall be weighed and the weight recorded . 
(2) The sample shall then be separated into a series of sizes using such sieves as ar e 
required to determine the particle size distribution in compliance with the specifications for the 
material under test . The sieving operation shall be performed by means of a lateral and vertical 
motion of the sieve , accompanied by jarring action . Under no circumstance shall fragments in the 
sample be turned or manipulated through the sieve by hand . Sieving shall be continued until not 
more than 1 per cent of the residue passes any sieve during 1 minute . 
(3) The fractions of aggregate retained on all sieves shall be weighed and the weights 
recorded . 
Calculation: The weights of material retained on all sieves shall be converted to percentages of 
the total weight and expressed in terms of the nearest whole per cent by the following formula : 
Percentage of material retained on sieve~~~~w_e_i~gh~t_o_f~m_a_t_e_r_i_a_l~r_e_t_a_i_n_e_d~~-x 100 
original dry weight of total sample 
The percentages of material retained on each sieve shall be converted , if necessary , to (1) 
cumulative percentages retained on each sieve , or (2) cumulative percentages passing each sieve, 
depending on the form of the specifications for the use of the material under test. 
Plotting: The accumulated percentages of particles of different sizes shall be plotted on semi-
logarithmic paper to obtain a particle size distribution curve such as that shown in Fig . 2 .2 . 
8.8 Amount of Material Finer Than No . 200 Sieve in Aggregate 
Purpose : The purpose of this test is to determine the total quantity of material finer than a 
standard No. 200 sieve in aggregates . 
F.quipment : The equipment shall consist of the following: 
Sieves - A No . 200 U. S. Standard sieve and a No. 16 U. S . Standard sieve nested together . 
Container - A vessel or pan of sufficient size to contain the sample covered with wat er and 
to allow the vigorous agitation without any loss of any part of the sample or water . 
Balance - A balance shall be sensitive to within 0 .02 per cent of the weight of the sample t o 
be tested. 
Drying Oven - A thermostatically controlled drying oven capable of maintaining t empera t ures 
of about 110 deg . C. (230 deg. F.). 
Sample: A representative sample shall be taken from material that has been thoroughly mix ed and 
that contains sufficient moisture to prevent segregation . The quantity of sample shall be suffi-
cient to yield not less than the appropriate weight of dried material indicated as follows : 
Procedure : 
Nominal Maximum 
Sieve Size 
Minimum Weight 
of Sample, g . 
No . 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 
3/ 4-inch .. . .... .... .. . ... . ..... . ..... 2500 
1-1/ 2-inch or over . . . . . . . . . . . . . . . . . . . . . 5000 
(1) The test sample shall be dried to constant weight at a t emperatur e not exceedi ng 110 deg . 
c. (230 deg . F). The sample shall then be weighed and the we ight r ecorded . 
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(2) The sample shall be placed in the cont ainer and sufficient water added to cover it. The 
contents of the container shall then be vigorously agitated so that all par t ic les finer than the 
No. 200 sieve shall be compl etely separated from the coarse particles and brought into suspension. 
The wash water shall be poured immediately over the nested sieves , arranged wi th the coarser sieve 
on top, in order to remove the suspended fine particles . Care shall be taken, as much as possible , 
not to pour off coarse particles of t he sample. The operation shall be repeated until the wash 
water is clear. 
(3) All material retained on the nested sieves shall be returned to the washed sample. Tile 
washed aggregate shall be dried to constant weight at a temperature not exceeding 110 deg. C. 
(230 deg . F . ). After drying, the sample shall be weighed to the nearest 0 .02 per cent and the 
weight recorded. 
Calculation: The amount of material finer than No . 200 sieve in aggregate shall be calculated as 
follows: 
dry weight 
Percentage of material finer than No . 200 sieve 
original dry 
weight after washing x 100 
original dry weight 
B.9 Abrasion of Coarse Aggregate by Use of the Los Angeles Machine 
Purpose : The purpose of this test is to determine the abrasive resistance of crLshed rock, 
crushed slag, uncrushed gravel, and crushed gravel. 
Equipment: The equipment shall consist of the following: 
Los Angeles Machine - The machine shall consist of a hollow cylinder , closed at both ends, 
having an inside diameter of 28 inches and an inside length of 20 inches, mounted on 
stub shafts in such a manner that it can be rotated about its horizontal axis. An 
opening in the cylinder shall be provided for the introduction of the test sample . A 
removable steel shelf , projecting radially 3-1/ 2 inches into the cylinder and extending 
its full l ength , shall be mounted along one e lement of the interior surface of the cyl-
inder. The position of the shelf shall 
be such that the distance from the 
sh elf to the opening , measured along 
the circumf erence of the cylinder in 
the dir ection of rotation , shall not be 
less than 50 inches . (Fig . B.7) . 
Abrasive Charge - The abrasive charge shall 
consist of cast-iron spheres or steel 
spheres approx imat e ly 1-7/ 8 inches in 
diameter and weighing between 390 and 
445 grams each . The cast-iron spheres 
shall conform to ASTM requirements as 
t o chemical composition . The number 
and weight of charge, depending on the 
grading of the test sample, shall be 
as follows : 
TABLE B. 3 NUMBER AND WEIGHT OF CHARGE FOR 
VARIOUS GRADES OF AGGREGATE 
Grading Number of Weight of 
Designation Spheres Charge , g . 
A 12 5000 + 25 
B 11 4584 + 25 
c 8 3330 ! 20 
D 6 2500 ! 15 
E 12 5000 ! 25 
F 12 5000 ! 25 
G 12 5000 ! 25 
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Fig. B . 7 Los An ge l es Abrasion Testing Machine. 
Sieves - The sieves shall be the standard square mesh sieves of 3-inch , 2-1/ 2-inch , 2- i nch , 
1-1/ 2- i nch , 1-inch , 3/ 4-inch , 1/ 2-inch , 3/ 8-inch , No. 3 size , No . 4 size, No . 8 s ize, 
and No . 12 size . 
Drying Oven - A thermostatically controlled drying oven capable of maintaining temperatures 
at about 110 deg. C. (230 deg . F . ) . 
Sample : The sample shall consist of clean aggregate which has been dried in an oven at 105-110 
deg . C. (221-230 deg . F.) to substantially constant weight and shall conform to one of the gradings 
shown in Table B.4 . The grading used shall be that most nearly representing the aggregate fur-
nished for the work. 
TABLE B.4 GRADINGS OF SAMPLES FOR LOS ANGELES ABRASION TEST 
Sieve Size Weight & Grades of Test Sample, g. 
Passing Retained A B On c D E F G 
3-in . 2-1/ 2-in . 2500• 
2-1/ 2-in. 2-in . 2500* 
2-in . 1-1/ 2-in . 5000* 5000* 
1-1/ 2-in . 1-in . 1250 5000• 5000• 
1-in . 3/4-in 1250 5000• 
3/ 4-in . 1/2-in . 1250 2500 
1/2-in . 3/ 8-in . 1250 2500 
3/ 8-in . No. 3 2500 
No . 3 No. 4 2500 
No . 4 No . 8 5000 
• Tolerance of plus or minus 2 per cent permitted. 
Procedure: 
(1) The test sample and the abrasive charge shall be placed in the Los Angeles abrasion test-
ing machine and the machine rotated at a speed of from 30 to 33 revolutions per minute. For grad-
ings A, B, C, and D the machine shall be rotated for 500 revolutions ; for gradings E, F, and G it 
shall be rotated for 1000 revolutions. If an angle is used as the shelf, the machine shall be 
rotated in such a direction that the charge is caught on the outside surface of the angle . 
(2) At the completion of the test, the material shall be removed from the machine and sieved 
on a No . 12 sieve . The sieving operation shall be conducted by means of a lateral and vertical 
motion of the sieve , accompanied by jarring action so as to keep the sample moving continuously 
over the surface of the sieve . In no case shall fragments in the sample be turned or manipulated 
through the sieve by hand. Sieving shall be continued until not more than 1 per cent by weight of 
t he residue passes the sieve during one minute . After sieving, the material retained on the No . 
12 sieve shall be washed and dried in an oven at 105-110 deg . C. (221-230 deg. F . ) to substantially 
constant weight . The dried sample shall then be accurately weighed to the nearest gram and t he 
weight recorded . 
calculation: The difference between the original weight and the final weight of the tes t sample 
retained on the No . 12 sieve shall be expressed as a percentage of the original weight of the t est 
sample. This value shall be reported as the percentage of wear . 
B. 10 Soundness of Aggregate (Sodium or Magnesium Sulfate Method) 
Purpose: The purpose of this test is to determine the resistance of aggregates to disintegration 
by saturated solutions of sodium sulfate or magnesium sulfate . The results of the test ar e used 
as an indication of the ability of aggregate to resist weathering . 
F.quipment: The equipment shall consist of the following: 
Sieves - A series of the standard square mesh sieves of 2-1/ 2-inch , 1-1/ 2-inch , 3/ 4-inch , 
3/ 8-inch , No . 4 size, No. 8 size , No . 16 size , No . 30 size, No. 50 size, and No. 100 
size. 
Containers - Suitable containers f or immers i ng the sampl es of aggr egate in the s olu t i on in 
accordance with the procedure hereinafter described . 
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Constant Temperature Room - A constant temperature room or other suitabl e means for reg-
ulating the temperature of the samples during immersion in the sodium or magnesium 
sulfate solution. 
Balances - A ba l ance having a capacity not less than 500 g. sensitive to 0.1 g. or l ess for 
weighing fine aggrega tes ; a balance having a capacity not less t han 5000 g. sens i tive t o 
1 g . or less for we i ghing coarse aggregate . 
Drying Oven - A drying oven constructed so as to provide free circulation of air through the 
oven and capable of maintaining a temperature of 105-110 deg. C. (221-230 deg . F . ). 
Sodium Sulfate or Magnesium Sulfate Solution : Only chemically pure , United States Pharmacopoeia, 
or equal grade of sodium sulfate or magnesium sulfate shall be used . Either salt shall be 
dissolved slowly , accompanied by vigorous stirring , in clean water at a temperature of 25-30 deg . 
C. (77-86 deg. F.) . Sufficient amount of salt shall be added to insure not only saturation but 
also the presence of excess crystals when the solution is ready for use. The solution shall be 
kept at a temperature of 21 ± 1 deg . C. (70 ± 2 deg. F.) for at least 48 hours before use. The 
solut i on of sodium sulfate shall have a specific gravity of not less than 1 . 151 and not greater 
than 1.174, and that of magnesium sulfate shall have a spec i f ic gravity of not less than 1 . 295 and 
not more than 1 .308 . Either solution shall be vigorously stirred immediately before using . 
Samples : (1) Fine Aggregate - The sample of fine aggregate shall be thoroughly washed on a No . 50 
sieve, and dried to constant weight at 105-110 deg . C. (221-230 deg . F.) . Suff i cient aggregate 
shall be sieved to provide the following quantities of the various sizes: 
Si ze of Aggregate 
No. 50 to No. 30 
No . 30 to No . 16 
No . 16 to No . 8 
No. 8 to No. 4 
No . 4 to 3/ 8-inch 
Weight , grams 
100 
100 
100 
100 
100 
The proper weight of sample for each fraction shall be weighed out and placed in separate 
containers for the test . 
(2) Coarse aggregate - The sample of coarse aggregate shall be thoroughly washed and dr i ed to 
constant weight at 105-110 deg. C. (221- 230 deg . F . ). It shall be sieved to provide the following 
quant i ties of the var i ous sizes : 
Size of Aggregate Weight , grams 
No . 4 to 3/8-inch 300 
3/8-inch to 3/4-inch ...................... . 1000 (consisting of : 
3/8-in. to 1/2-in .... 33% 
1/2-in . to 3/4-in .... 67') 
3/4-inch to 1-1/2-inch .......... .. .. . ...... 1500 (consisting of: 
3/4-in. to 1-in ...... 33% 
1-in. to li-in. .. .... 67') 
1-1/ 2-inch to 2-1/2-inch .... . .. . . . ........ . . 3000 (consisting of: 
li-in. to 2-in . . ... . . 5°" 
2-in. to 2i-in ...•... 50'-') 
Larger sizes by 1-inch spread in sieve size, each fraction ........ . ........ 3000 
The following quantities of various sizes may be used if the grading of the sample makes it 
more appropriate: 
Size of Aggregate Weight , grams 
No . 4 to 3/8-inch .... .... . . .. .. ...... . ... . . . . 300 
1/2-inch to 1-inch 1500 (consisting of: 
1/2-in. to 3/4 in ... . 
3/ 4-in. to 1-in .. .. . . 
1-inch to 2-inch. 3000 (consisting of: 
1-in. to l!-in . .... . . 
l!-in. to 2-in .... . . . 
Larger sizes by 1-inch spread in sieve size, each fraction . . . ... . .. .... .. .. . 
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33% 
67') 
50'-' 
50%) 
3000 
Wh en it is desired t o t est aggr ega te i n narrower size ranges than provi ded above , the follow-
i ng sizes may be used : 
Size of Aggr egat e Weight , grams 
No. 4 to 3/ 8-inch . . . . . . . . . . . . . . . . . . . . . 300 
3/ 8-inch to 1/ 2-inch . . . . . . . . . . . . . . . . . . 500 
1/ 2-inch to 3/ 4-inch . . . . . . . . . . . . . . . . . . 750 
3/ 4-inch to 1-inch . .. . . . . . . ... . ... . . .. 1000 
1-inch to 1-1/ 2-inch . . .. ... ...... . .. . . 1500 
1-1/ 2-inch to 2-inch . .. ..... . . . . .. . . . . 2000 
Larger sizes by 1-inch spread in sieve 
size, each fraction . ............... . . .. 3000 
The proper weight of sample for each fraction shall be weighed out and placed in separate 
containers for the test . In the case of fractions coarser than the 3/ 4-inch sieve , the number 
of particles shall be counted. 
(3) When an original sample contains less than 5% of any of the sizes specified in (1) or (2) , 
that size shall not be tested . It shall be considered, however, to have the same loss in sodium 
sulfate or magnesium sulfate treatment as the average of the next smaller and the next larger size . 
In case one of the sizes specified in (1) or (2) is absent, it shall be considered to have the 
same loss as the next larger or next smaller size, whichever is present . 
Procedure: 
(1) Sufficient sodium sulfate or magnesium sulfate solution shall be poured into the 
containers to cover the fractions to a depth of not less than 1/ 2-inch . The samples shall then 
be allowed to soak for not less than 16 hours nor more than 18 hours, during which period the 
samples immersed in the solution shall be maintained at a temperature of 21 ± 1 deg . C. (70 ± 2 
deg. F.). The containers shall be covered to prevent contamination and to reduce evaporation . 
(2) After the immersion period , the samples shall be removed from the solution , permitted to 
drain, placed in an oven , and dried to a constant weight at a temperature of 105-110 deg . C. (221-
230 deg . F . ) . After drying the samples shall be cooled to room temperature, and alternate immer-
sion and drying shall proceed as outlined before until the required number of cycles is obtained . 
(3) Fractions of samples coarser than 3/ 4-inch shall be examined and record made of observa-
tions . The examination and record shall consist of two parts: (a} observing the effect of th e 
action by the sodium sulfate or magnesium sulfate solution and the nature of the action , and (b) 
counting the number of particles affected . Fractions of samples finer than 3/ 4-inch shall also be 
examined to determine if there is any evidence of excessive splitting . 
(4) At the end of the final cycle and after the samples have cooled, the samples shall be 
washed free from the sodium sulfate or magnesium sulfate as determined by the reaction of the wash 
water with barium chloride (BaC12). Each fraction shall be dried to constant weight at 105-110 deg . C. (221-230 deg. F.), and the quantity of material retained on each sieve shall be weighed 
and recorded . 
Report: The report shall include the following data : 
(1) Weight of each fraction before the test . 
(2) Material from each fraction , finer than the sieve on which the fraction was retained 
before test, expressed as a percentage by weight of the fraction . 
(3) Weighted average calculated from the percentage of loss for each fraction , based on the 
grading of the sample as received . 
(4) In the case of particles coarser than 3/ 4-inch before test: (a) the number of particles 
in each fraction before test , and (b} the number of particles affected , classified as to number 
disintegrating , splitting , crumbling , cracking, flaking , etc. 
(5) Character of solution (sodium or magnesium sulfate) . 
TABLE B.5 ILLUSTRATIVE AGGREGATE SOUNDNESS TEST RESULTS 
Sieve Size 
Percentage Weighted Grading of Wt . of Test Passing Average Retained Original Fractions Finer Sieve Passing On Sample , Before After Test (Corrected 
Per Cent Test , g . (Actual Per- Percentage 
cent age Loss) Loss) 
FINE AGGRIDATE 
No . 100 5.0 
No . 50 No . 100 11.4 
No . 30 No. 50 26 .0 100 4.2 1.09 
No . 16 No. 30 25.2 100 4 . 8 1.21 
No. 8 No. 16 17.0 100 8.0 1.36 
No . 4 No . 8 10.8 100 11.2 1.21 
3/ 8-in . No.4 4.6 11.2 0.52 
--- -- --
TCYI'ALS 100.0 400 5.39 
COARSE AGGRmATE 
2-1/2-in. 1-1/2-in. 20.0 3000 4.8 0.96 
1-1/ 2-in . 3/ 4-in. 45 . 0 1500 8.0 3.60 
3/4-in . 3/8-in. 23.0 1000 9 .6 2.20 
3/ 8-in. No. 4 12.0 300 11.2 1.34 
--- -- --
TOTALS 100.0 5800 8.10 
Character of solution: Sodium Sulfate 
8.11 Soundness of Aggregate (Freezing and Thawing Method) 
Purpose: The purpose of this test is to determine the resistance of aggregates to disintegration 
by freezing and thawing. The results of the test are used to judge the soundness of aggregates 
subjected to weathering act ion . 
Equipment: The equipment shall consist of the following: 
Sieves - A series of U. S. standard sieves with square openings of 2-1/2-inch, 1-1/2-inch, 
3/4-inch, 3/ 8-inch, No . 4 size, No . 8 size, No . 16 size, No. 30 size, No. 50 size, and 
No. 100 size. 
Freezing Chamber - The freezing chamber shall be rectangular in cross-section , 12x20x24 inches 
deep . It shall be insulated bottom and sides . The chamber shall be provided with a 
suitable inlet and outlet for the circulation of a non-freezing alcohol and water mix-
ture . The number of freezing chambers shall be varied according to the scope of the 
test program . 
Thawing Tank - The thawing tank shall be of such dimensions as to permit the complete 
submergence of the specimens . Provisions must be made to keep the water in the tank at 
a temperature between 24 and 27 deg. C. (75 and 80 deg. F . ) during the thawing period . 
Compressor - The compressor shall be of such type and capacity that it will be able to 
maintain the temperature required. 
Circulator - A circulator shall be of such capacity as may be needed to maintain the required 
temperature. 
Trays and Containers - Shallow metal trays 3-1/ 2 inches wide , 18 inches long and 2-1/2 inches 
deep (outside dimensions) shall be used to hold the samples of aggregate. These trays 
shall be nested in a metal container 3-7/ 8 inches wide, 18-1/ 4 inches long, and 20 
inches deep . The containers shall be placed in the freezing chamber . 
133 
Balances - A balance having a capacity not less than 500 g. sensitive to at least 0 .1 g. for 
weighing fine aggregate ; a balance having a capacity of not less than 5000 g . sensitive 
to at least 1 g . for weighing coarse aggregate. 
Drying Oven - A drying oven capable of provid ing a free circulation of air through the oven 
and of maintaining a temperature of 105-110 deg . C. (221-230 deg . F. ) . 
Samples: (1) Fine aggregate - the sample of fine aggregate shall be thoroughly washed on a No. 100 
sieve and dried to constant weight at a temperature of 105-110 deg. C. (221-230 deg . F.) . Suffi-
cient amount of aggregate shall be sieved. to provide the following quantities of the various sizes: 
Size of Aggregate Weight , grams 
No . 100 to No. 50. ..... .. ........... ... . 100 
No. 50 to No. 30 . . . . . . . . . . . . . . . . . . . . . . 100 
No . 30 to No . 16 . . . . . . . . . . . . . . . . . . . . . . 100 
No . 16 to No. 8 . . . . . . . . . . . . . . . . . . . . . . . 100 
No. 8 to No. 4 . . . . . . . . . . . . . . . . . . . . . . . . 100 
No. 4 to 3/8-inch . . . . . . . . . . . . . . . . . . . . . 100 
The proper weight of sample for each fraction shall be weighed out and placed in separate 
containers for the test. 
(2) Coarse Aggregate - The sample of coarse aggregate shall be thoroughly washed and dried to 
constant weight at 105-110 deg . C. (221-230 deg . F . ) . It shall be sieved to provide the following 
quantities of the various sizes: 
Size of Aggregate Weight, grams 
No. 4 to 3/8-inch . . ..... .............. 100 
3/8-inch to 3/4-inch .................. 300 
3/4-inch to 1-1/2-inch ..... . ... ... .... 1500 
1-1/2-inch to 2-1/2-inch ..... . ....... . 3000 
Larger size by I-inch spread in sieve 
size, each fraction ... . ....... .. ....... 3000 
The proper weight of saaple for each fraction shall be weighed out and placed in separate 
containers for the test . In the case of fractions coarser than the 3/ 4-inch sieve , the number 
of particles shall be counted . 
(3) When the original sample contains less than 5 per cent of any of the sizes specified in 
(1) or (2), the size shall not be tested . It shall be considered, however, to have the same loss 
during the treatment as the average of the next smaller and the next larger size. In case one of 
the sizes specified in (1) or (2) is absent, it shall be considered to have the same loss as the 
next larger or next smaller size, whichever .is present . 
Procedure: 
(1) Samples of aggregate shall be placed in trays and immersed in the thawing tank for 24 
hours . The trays shall then be removed from the tank, and water poured from the trays until 
approximately 1/ 4-inch remains in each. The trays shall be nested in the containers and placed in 
the freezing chaaber, and a non-freezing water and alcohol mixture shall circulate around the 
containers in such a aanner that at no place shall there be a difference greater than 2 .8 deg . C. 
(5 deg . F.). The temperature of the entering alcohol mixture shall be -29 ± 1.1 deg. C. (-20 ± 2 
deg. F.), and that of the alcohol mixture leaving the chamber shall be not more than -26 ± 1 .1 deg . 
C. (-15 ! 2 deg. F.). 
(2) At the end of 2 hours the trays shall be removed from the freezing chamber and immediately 
subllerged in the thawing tank kept at a temperature between 24-27 deg . C. (75-80 deg . F.). The 
water in the thawing tank shall be kept in continuous motion so that the water temperature in any 
part of the tank shall be within the above limits . At the end of 1/2 hour the trays shall be 
removed from the thawing tank , and water poured from the trays until approximately 1/ 4-inch remains 
in each, and returned to the freezing chamber. The above procedure shall be repeated until the 
required number of cycles is obtained . 
(3) Fractions of samples coarser than 3/4-inch shall be examined and record made of observa-
tions after each 10 cycles. The examination and record shall consist of two parts: (a) observing 
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t he effect of t he act ion a nd t he na tur e of the action, and (b) counting t he number of particles 
affected . Fractions of s amples finer than 3/ 4-inch shall al so be examined to determine if there 
is any evidence of excessive splitting . 
(4) At t he end of the 
deg . C. (221-230 deg . F . ) . 
i t was retained before the 
weight recorded. 
fi nal cycle , the sample shall be dr i ed to constant we i gh t at 105-110 
F.ach sample shall be weighed , and sieved over the same sieve on which 
test. The particles retained on this sieve shall be weighed and the 
Report~ The report shall include the following data : 6 
(1) Weight of each fraction before test. 
(2) Material from each fraction, finer than the sieve on which the fraction was originally 
retained before test , expressed as a percentage by weight of the fraction . 
(3) Weighted average calculated from the percentage of loss for each fraction, based on the 
grading of the sample as received. 
(4) In the case of particles coarser than 3/ 4-inch before test : (a) the number of particles 
in each fraction before test, and (b) the number of particles affected, classified as to number 
disintegrating, splitting, crumbling, cracking, flaking, etc . 
6 A suggested f orm f or recording test data is shown i n Tabl e 8.5 . 
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APPENDIX C 
GLOSSARY OF TERMS 
A. A.S . B.O. - American Association of State Highway Officials . 
Admixture - A material that is added to the principal substance of a mixture . 
Alluvial Soil - A soil formed from materials which have been transported and deposited by flowing 
water. 
Asphalt Cement - A refined asphalt, or a combination of refined asphalt and flux, especially 
prepared as to quality and consistency for paving purposes. The term is often abbreviated 
to A. C. 
At-grade Intersection - An intersection where all roads join or cross at the same level. 
Backfill - Earth or other material used to replace material removed during construction, such as 
in subdrain trenches or behind culvert and bridge abutments. 
Backslope - The portion of the earth grade or roadway in cut sections which is beyond the side 
ditches, and rejoins the original ground. 
Bedrock - The solid rock underlying superficial formations . 
Bituminous Concrete - A mixture of bituminous cement and graded mineral aggregate. The most 
common mineral constituents are a combination of broken stone, broken slag or gravel with 
sand and mineral filler. Bituminous concrete courses are frequently six inches or more in 
thickness. 
Bituminous Macadam - Bituminous macadam, or penetration macadam as it is sometimes called, is 
constructed by placing and compacting a layer of coarse mineral aggregate, then applying 
bituminous material to be absorbed into the layer by penetration, following this with one or 
more spreadings of finer aggregate to fill the voids , and giving each spreading of finer 
aggregate an application of bituminous material. 
Bituminous Material - A substance containing bitumen or constituting the source of bitumen . 
(Bitumen is a mixture of hydrocarbons totally soluble in carbon disulfide) . 
Bituminous Road Mix - A type of construction consisting of a combination of mineral aggregate and 
bituminous material with the mixing performed on the road by means of blade graders , drags or 
special road mixing equipment . 
Bituminous Surface Treatment - The application of bituminous material and mineral aggregate to an 
existing soil-aggregate road surface. The total thickness of treatruent is usually less than 
one inch. 
Block Pavement - A pavement in which the surface course is constructed of blocks of vitrified 
paving brick, asphalt blocks, stone blocks, or wood blocks. The blocks are laid by hand on 
properly prepared bases with a cushion course between the rigid base and the block course, and 
the space between the blocks are filled with sand, bituminous material or cement grout . 
Calcareous Limestone - A natural rock of sedimentary origin composed principally of calcium 
carbonate . 
Cement-&:>und Macadam - A type of construction similar to that of bituminous macadam, being bound 
together with portland cement mortar instead of bituminous material. 
Colloids - Inorganic and organic matter having very small particle size and a correspondingly very 
large surface area per unit of mass. Clay particles smaller than 0.001 millimeter are 
considered colloids. The percentage of colloids in a soil suspension is usually determined 
by use of a hydrometer. 
Crusher-run - The product of the crushing plant without being screened or separated into various 
sizes. 
Deliquescent - Having the property of picking up moisture, even from air, to such an extent as to 
dissolve in it; becoming liquid on exposure to air . 
Dispersing Agent - A deflocculating medium, such as sodium hexametaphosphate, used in hydrometer 
analysis . 
Dolomitic Limestone - A magnesium limestone, composed essentially of the mineral dolomite - a 
double carbonate of calcium and magnesium. 
Drainage - Provision for the disposition of water . 
Eluviation - The movement of soil material from one place to another within the soil, in solution 
or suspension. Horizons that have lost material through eluviation are referred to as 
eluvial , and those that have received material as illuvial . The term generally refers t o the 
movement of colloids . 
Embankment - A raised mass of soil or rock used to carry a road over low areas. 
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Emulsified Asphalt - An emulsion of asphalt cement and water containing a small amount of 
emulsifying agent. 
Friable - A soil that can be readily ruptured and crushed with the application of moderate force. 
Glacial Drift - Material deposited by glacier ice . It includes all deposits of a glacial origin. 
The deposits may be stratified glacial outwash materials or unstratified deposits of till. 
Grade - The profile of the center of the roadway, or its rate of rise or fall; to establish a 
profile by cuts and fills or earthwork. 
Grade Separation - A crossing of two highways, or a highway and a railroad, at different levels. 
Granite - One of the most common igneous rocks. It is coarse-textured, crystalline rock consist-
ing primarily of feldspar, quartz, and white or black mica. 
Gritty - Applicable to fine-grained soils containing a relatively small proportion of coarse grains 
but sufficient to give the characteristic feel. 
Humus - a dark browm material formed by the partial decomposition of vegetable or animal matter. 
Hydrometer - A float of which the depth of immersion indicates the specific gravity of a liquid. 
Hygroscopic Water - The water held tightly to soil-particle interfaces as a very thin film. When 
wet soil is dried in the air, water is removed by evaporation until the hygrascopic water in 
the soil is in equilibrium with the moisture vapor in the air. The amount of water in air-
dried soil is called the hygrospopic water content . 
Illuviation - An accumulation of material in a soil horizon through the deposition of mineral and 
organic matter originating from horizons above. Since at least part of the fine clay in the 
B horizons of many soils has moved into them from the A horizons above, these are called 
illuvial horizons. 
Impervious - Applicable to soil or other materials which are very resistant to penetration by 
water. 
Interchanges - A grade separated intersection with one or more turning roadways for travel between 
the intersected roads. 
Internal Friction - The resistance to motion of soil particles over each other caused by the 
roughness of the surface and the shape and size of the individual particles. 
Liquid Asphaltic Materials - Asphaltic products which are so soft or fluid at normal temperature 
(770F) that their consistancy is not determined by means of the penetration test . They 
include slow curing road oil , medium curing cutback asphalt , rapid curing cutback asphalt and 
emulsified asphalt . 
Loess - A wind-blown silt or silty clay having little or no stratification. Some of its pecular-
ities are the light color, the fine state of subdivision, the sharpness and angularity of its 
particles , the porosity and coherence . 
Medium Curing Cutback Asphalt - An asphalt cement which has been rendered liquid by fluxing it with 
a kerosene type of distillate . Upon exposure to atmospheric conditions the volatile dis-
tillate evaporates , leaving the asphalt cement behind. 
Mica - Primary alumino-silicate minerals in which two silica layers alternate with one alumina 
layer . They separate readily into thin sheets or flakes . 
Moraine - The debris accumulated and deposited in ridges by a glacier . 
Muck - Highly decomposed organic soil material developed from peat. Generally , muck has a higher 
mineral or ash content than peat and is decomposed to the point that the original plant parts 
cannot be identified . 
Patching - Repairing or restoring small isolated areas in the surface of a road. 
Peat - Unconsolidated soil material consisting largely of undecomposed or slightly decomposed 
organic matter accumulated under conditions of excessive moisture. 
Pebbles - Rock fragments of small or moderate size which have been more or less rounded by 
erosional processes . 
Permeability - The property of a soil which permits the passage of water through open pore spaces. 
Portland Cement Concrete - A mixture of water, portland cement , fine aggregate and coarse aggregate 
combined into a solid mass as a result of chemical reaction between the cement and water. 
Pot-hole - A hole extending below the road surface . 
Pugmill - A type of mixing equipment in which the container is stationary and the revolving blades 
mix the material. 
Quartzite - A dense sandstone rock which has been thoroughly cemented by silica or which has been 
hardened by a recrystallization process . 
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Rapid Curing Cutback Asphalt - An asphalt cement which has been rendered liquid by fluxing it with 
a gasoline or naptha type of distillate . Upon exposure to atmospheric conditions the volatile 
distillate evaporates, leaving the asphalt cement behind. 
Rock Asphalt - A porous rock which has become naturally more or less impregnated with asphalt or 
maltha . 
Rock Asphalt Pavement - A pavement in which the surface course is constructed of natural rock 
asphalt which has been crushed and in which is sometimes incorporated additional asphalt or 
flux oil. 
Seepage - The escape of water through the soil, or water emerging from an area of soil along an 
extensive line of surface, in contra-st to springs where the water emerges from a local spot. 
Shale - Rock composed of consolidated clay , silt, or a mixture of both. Shales exhibit a thinly 
laainated structure, which is a result of the deposition of finely divided material in water . 
Sheet Asphalt Pavement - A very dense high-type surface composed of sand, mineral filler and 
asphalt cement. It makes a comparatively noiseless, smooth, durable, waterproof, easily 
cleaned surface having low tractive resistance and some resiliency. It is ordinarily limited 
to use as a surface on city streets. 
Siliceous - Containing large amounts of silica, often in the form of quartz . 
Slow Curing Road Oil - An asphalt residual oil or a blend of such oil with distillates which do 
not volatilize readily. 
Soil Stabilization - Any process aimed at maintaining or increasing the value of a soil as a 
constructional material, usually by admixtures . 
Specific Gravity - The ratio of the density of a substance to the density of water at 4 deg. C. 
Suspension - Very saall solid particles distributed in a liquid dispersion medium. 
Tar - A bituminous distillate, viscous or liquid, resulting from the distillation of organic 
material such as coal, shale, peat, and vegetable matter. 
Tar Cutback - A tar residue which has been rendered liquid by fluxing it with its own or similar 
distillate. Upon exposure to atmospheric conditions the volatile distillate evaporates, 
leaving the tar residue behind. 
Texture - A term indicating the coarseness or fineness of a soil. The texture of soils for 
pedological classification is determined by a triangular chart as shown in Fig. C.l based on 
the results of mechanical analysis. 
Till - Unsorted glacial drift, or the mixture of 
rock fragments and fine materials left by 
melting glaciers. 
Traffic Bound - A term describing the consolida-
tion of a road by traffic. 
Voids - The voids in a soil refer to that volume 
not occupied by solid materials and include 
the volume occupied both by water and by 
air. 
Weathering - The physical and chemical dis-
integration and decomposition of rocks and 
minerals. 
Example: Let it be desired to determine the 
textural classification of a soil whose grading 
is as follows: sand, 30'J,; silt size materia l, 
35%; clay-size mat erial, 35% . 
Enter t he diagram f rom t he sand scale 
a l ong the left side of the triangle at the value 
of 30. Project a line through this point downward 
to the right until it intersects a line extending 
upward to the right from the point corresponding 
to 35% on the silt scale along the base of the 
triangle. These two lines intersect within the 
area labelled "clay loam", which is the textural 
class of the soil . 
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Fig. C. l 
Sand 0.05 - 2. 0 "'"' · 
Slit 0 .002 · 0 .05mm. 
Clery Len Than 0.002 m•. 
Triaxial Chart for Textural 
Classification of Soils 
0 
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INDEX 
AASHO (See American Association of State 
Highway Officials) 
Admixtures 
bituminous materials, 40 
calcium chloride, 40 
common salt, 40 
lime, 39 
Portland cement, 39 
sodium chloride, 40 
spread of, 73 
Aggregates 
commercial plants in Illinois, 22 
coarse, 19 
definition, 12, 19 
fine, 19 
necessary qualities, 20 
Alignment 
at railroad grade crossings, 113 
at intersections at grade, 113 
coordination of horizontal and vertical, 112 
horizontal, (See Horizontal alignment) 
vertical, (See Vertical alignment) 
Alluvial soil, 49, 136 
American Association of State Highway Officials 
classification of highway subgrade soils, 43 
classification of soil-aggregate roads, 13 
methods of testing soil-aggregate materials, 
116-135 
specifications for materials for soil-
aggregate roads, 24-25 
Angle of internal friction, 49 
Annual daily traffic volume, 15, 101 
Annual road cost, 14 
Asphalt 
cement, 91, 136 
cut-backs, 40, 90, 91 
emulsions, 40, 90, 137 
liquid, 40, 90, 91, 137 
road oil, 40, 90, 91 
rock, 14, 138 
Atterberg limits, 23 
Augers, soil, 47 
Average daily traffic, 15, 101 
Backsldpe, 17, 136 
Balancing cut and fill, 106 
Bank-run gravel, 19 
Barber-Greene travel plant, 75 
Base course, 13, 24, 25, 32 
Batch plants, 77 
Bedrock, 48, 136 
Betterment program, 98 
Binder, 22 
Bitumen, 136 
Bituminous concrete pavements, 14, 136 
Bituminous macadam pavements, 14, 136 
Bituminous materials 
as admixtures, 40 
as dust palliatives, 90 
definition, 136 
for surface treatment, 90-91 
Bituminous surface treatment 
aggregates, general requirements, 91 
application of bituminous material, 91 
bituminous materials, 91 
construction methods, 90-91 
thickness of treatment, 90 
Blade graders, 67-68, 86, 92, 96 
Blading and dragging, 86-87, 92 
Blending (See Material Blending) 
Block pavements, 14, 136 
Borings for soil, 47 
Broken stone (See Crushed stone) 
Broom drag, 91, 92 
Bureau of Public Roads, U. S. 
classification of highway subgrade soils, 43 
manual on uniform traffic control devices, 
113, 114 
Calcium chloride 
as a dust palliative, 89-90 
as an admixture, 40 
for ice control, 95 
California bearing ratio 
definition, 50 
test procedure, 50 
Capillarity of soils, 51 
Capillary water, 51 
Care of trees and shrubs, 93 
Cement-bound macadam pavements, 14, 136 
Central mixing plants 
batch, 77 
continuous flow, 77 
portable, 76 
semiportable, 76 
stationary, 76 
Central plant construction, 76-78 
Chats, 20 
Classification of highways according to 
traffic volume, 15 
Classification of highway subgrade soils 
by grain size, 41 
pedological system, 45-46 
triaxial chart, 138 
U.S. Bureau of Public Roads system, 43-45 
Classification of soil-aggregate roads, 13 
Clay, 12, 22, 41, 42 
Climbing lane, 107 
Coarse aggregate, 19 
Coarse-graded aggregate surfaces, 13 
Coarse-grained soils, 41 
Cohesion of soils, 22, 23, 49, 51 
Compaction 
degree of, 55 
equipment, 54, 68, 78 
Moisture-density relationships, 53-54 
soil-aggregate course, 78-79 
subgrade soils, 68-69 
tests, 54-55 
Common salt, 40 
Construction tips, 82-83 
Control tests, 79-80 
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Continuous flow plants, 77 
Coordination of horizontal and vertical 
alignment, 112 
Corrugations, 85, 86, 88 
Cross-section of road, 17, 103;106 
Cross slope (See Crowns) 
Crossings, railroad grade, 113-114 
Crowns, 17, 87, 103-104 
Crushed rock (See Crushed stone) 
Crushed stone, 19 
Curves 
horizontal (See Horizontal curves) 
vertical (See Vertical curves) 
Cut-backs 
asphalt, 40, 90, 91 
tar, 90, 91 
Degree of curve, 111 
Density 
dry, 53 
maximum, 54, 65, 125 
soil-aggregate mixtures, 65 
wet, 53 
Ditches (See Side dtiches) 
Drag (See Road drag) 
Dragging (See Blading and dragging) 
Dragline, 70, 71 
Drainage 
problems, 85-86 
subsurface, 51-52 
surface, 51 
Drift, glacial, 48 
Dust palliatives 
bitU11inous materials, 90 
calciU11 chloride, 90 
lignin, 90 
sodillJI chloride, 90 
Dust ratio, 23 
Econaaics 
benefits resulting from highway 
improvement, 14 
Eluvial horizon, 45, 136 
Elements of road surface, 13-14 
Emulsified asphalt, 40, 90, 91, 137 
Equipment used for 
central plant construction, 77-78 
compacting soil-aggregate courses, 78 
excavating, soil-aggregate materials, 70 
hauling soil-aggregate materials, 70 
maintenance operations, 86, 88, 89, 90, 91 
preparing subgrade, 67-69 
road-mix construction, 70 
traveling plant construction, 75-77 
Erosion control measures 
ditches, 105 
side slopes, 92 
Excavation for patching small unstable 
spots, 87, 88 
Feature-edge construction, 81, 82 
Field checking, sampling and testing, 79-80 
Filler, 22 
Fine aggregate, 19 
Fine-grained soils, 41 
Fine soil fraction, 12 
Flexible control system of maintenance, 97 
Free water, 51 
Frost action 
effects, 55 
preventive measures, 56-57 
Frost heave, 55, 93 
Gang systea of maintenance, 97 
Glacial deposits in Illinois 
age, 48 
drift, 48 
lake bed, 48 
moraine, 48 
outwash, 48 
till, 48 
till plains, 48 
Gradation 
curve, 21 
definition, 21 
requirements, 24-25, 25-32 
Grade 
at intersections, 113 
at railroad grade crossings, 113 
length, 107 
maxlllum, 107 
minimum, 108 
Grade separation, 113, 137 
Grader (See Blade grader) 
Granite, 19, 137 
Granular friction, 12, 19 
Granular material, 43 
Gravel 
bank-run, 19 
crushed, 19 
novaculite, 19 
pit-run, 19 
river, 19 
screened, 20 
stream, 19 
Gravel road, 12, 13 
Ground water, 51 
Group index of soils, 43 
Guard posts, 114 
Guard rails, 114 
Guide posts, 114 
Hauling equipment, 70 
Band mixing, 88 
Hetherington and Berner motor paver, 75, 76 
Hetherington and Berner portable central 
mixing plant, 78, 79 
High-type road surfaces, 14 
Highway classification according to traffic 
volume, 15 
Highway Research Board 
recommended thickness of soil-aggregate 
roads, 57 
Horizontal alignment 
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combination with vertical, 112 
general controls, 110 
intersections at grade, 113 
railroad grade crossings, 113 
Horizontal curves 
length, 112 
maximum curvature, 111 
sight distance, 112 
superelevation, 110-111 
transition, 111 
widening of road surface, 110 
Hydrometer test, 41, 117 
Hygroscopic moisture, 117, 137 
Ice control, 95 
Illinois Division of Highways 
classification of highways, 15, 16 
design policies for state, county and 
township rural highways, 101, 102 
information regarding commercial plants 
producing aggregates, 22 
policy on thickness design of subbase, 
base and surface courses, 58-64 
specifications for materials for soil-
aggregate base and surface courses, 25-32 
Illuvial horizon, 45, 137 
Intercepting subdrains, 52 
Intermediate-type road surfaces, 14 
Internal friction, 49, 51, 137 
Intersections at grade, 113 
Lake bed deposits, 48 
Lignin, 90 
Lime, 39 
Limestone dust, 22 
Liquid asphalt materials 
as admixtures, 40 
as dust palliatives, 90 
definition, 137 
for surface treatment, 91 
Liquid limit, 23, 25, 32, 121-122 
Local Materials, 32 
Loess, 48, 137 
Loose material, 89 
Los Angeles abrasion test, 20, 129-130 
Low-type road surfaces, 14 
Maintenance tips, 98-100 
Manual on uniform traffic control devices, 
113, 114 
Material blending 
number of materials, 33 
personal judgment , 34 
trial and error method, 33 
Maximum density, 53, 54, 65, 125 
Maximum grades, 107 
Maximum size, aggregate, 21 
Mechanical analysis, 21, 42 , 43, 116-121 
Mechanical stabilization, 12 
Medium-curing cutback asphalts, 90, 91, 137 
Minimum grades, 108 
Modified AASHO compaction test, 55 
Moisture content, 50, 66 
Moisture-density relationships 
effect of variation in compactive ef fort, 54 
in control of compaction , 55 
laboratory compaction procedure, 54-55 
moisture-density curve, 53, 125 
optimum moisture content, 54 
Moraine, 48, 137 
Motor graders, 67 , 86, 96 
Muck , 42, 137 
Multiple-blade device, 72, 73 
Natural soil roads, 13 
Necessary qualities, aggregate, 20-21 
Non-passing sight distance, 108 
Novaculite gravel, 19 
Optimum moisture content, 54, 66 
Organic soils, 42 
Outwash, 48 
P & H single pass stabilizer, 75, 76 
Particle shape, aggregate, 22 
Particle size distribution curve , 21, 120 
Passing sight distance, 108 
Patching, 87, 88, 137 
Patrol system of mainteance, 97 
Pavement, 13 
Peat, 42, 137 
Pedological classification, 45 
Pedology, 45 
Permeability of soils, 41, 137 
Plan and profile sheets, 106 
Plastic limit, 23, 123 
Plasticity index, 23, 25, 32, 124 
Pneumatic-tired roller, 54, 68, 69, 78 
Portland cement, 39 
Portland cement concrete pavements, 14 
Pot-holes, 67, 86, 88, 137 
Power shovel, 70 
Preparation of subgrade, 67 
Pressure distributor, 73, 74, 90, 91 
Profile, 106 
Proctor, 54 
Proportioning soil-aggregate materials (See 
Material blending) 
Pugmills, 78, 137 
Radius of curve, 111 
Rapid-curing cutback asphalts, 91, 137, 138 
Railroad grade crossings, 113-114 
Resistance to wear, aggregate, 20 
Resurfacing, 88 
Right-of-way, 17, 106 
Road drag, 86, 87 
Road-mix construction, 70-74 
Road oils, 40, 90, 91, 137 
Roadside, 17 
Road surface 
definition, 13, 17 
maintenance, 84, 86-91 
selection of, 14 
traffic considerations, 14-15 
types, 14 
widths , 103 
Roadway, 17 
Rock asphalt pavements , 14 , 138 
Rollers, 54, 68, 78 
Ruts , 86, 88 
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Sand, 20, 41 
Sand-clay mortar roads, 13 
Scarifying, 88, 89 
Screenings, stone, 19, 95, 100 
Seaman pulvi-mixer, 76, 77 
Seepage, 52, 138 
Segregation of material, 89 
Selection of road surface, 14 
Shale, 20, 138 
Shape of aggregate particles, 22 
Sheepsfoot rollers, 54, 69, 79 
Sheet asphalt pavements, 14, 138 
Shoulders 
de fin it ion, 17 
maintenance, 91 
slope, 104 
widths, 104 
Shovel, power, 70 
Side ditches 
cross section, 105 
erosion control measures, 105 
grade, 105 
aaintenance, 92 
side slopes, 105 
Side slopes 
cut, 106 
eabanlment, 106 
aaintenance, 92 
protection against erosion, 92 
Sieve analysis, 21, 42, 43, 117, 127-128, 
128-129 
Sight distance 
definition, 108 
horizontal curves, 112 
influence on length of vertical curves, 109 
minillUll values, 108 
non-passing, 108 
obstruction at intersection, 113 
passing, 108 
Sight obstructions, 112, 113 
Signals, 113, 114 
Signs, 113, 114 
Silt, 12, 22, 41, 42 
Silt and clay material 
as binder, 22 
as filler, 22 
quality of, 23 
auality of, 23 
Single-lane roads, 103 
Slag, 20 
Slow-curing road oils, 90, 91, 137, 138 
Snow and ice control 
abrasives, 95 
equipment, 95, 96, 97 
ice control, 95 
snow fence, · 95 
snow removal, 95 
Snow fences, 95 
Snow plows, 96, 97 
Sodding, 92 
Sodium chloride 
as a dust palliative, 90 
as an admixture, 40 
for ice control, 95 
Soft areas on surface, 87, 88 
Soil 
classification, 41, 42-45, 46, 138 
coarse-grained, 41 
Soil - Continued 
deposits in Illinois, 48-49 
field identification, 41-42 
fine-grained, 41 
organic, 42 
series, 46 
survey, 46-47 
tests, 42 
type, 46 
Soil-aggregate 
definition, 12 
field tests, 33 
requirements for base courses, 24 
requirements for surface courses, 24 
sources of material, 32 
Soil-aggregate road 
seasonal load restrictions, 94 
types, 13 
Soil binder, 22 
Soil horizons, 45 
Soil maps, agricultural, 46 
Soil profile, 45 
Soil stabilization, 12, 138 
Soil survey, 46-47 
Soundness, aggregate, 20, 130-135 
Specific gravity, 117, 138 
Specifications for materials 
AASHO, 24-25 
Illinois Division of Highways, 25-32 
Spreading equipment, 72, 73, 90, 91 
Spring breakups, 55, 94 
Stage construction, 16-17 
Standard AASBO compaction procedure, 54 
Stone screenings, 19, 95, 100 
Strahan, C. M., 18 
Stream alluvium, 49 
Stream gravel, 19 
Subbase course, 13 
Subdrainage, 51-52 
Subgrade 
definition, 13 
preparation of, 67-69 
removal and replacement of defective soils, 
57' 94 
Subgrade supporting power 
measurement of, 50 
Superelevation of curves 
attainment of, 110, 111 
maximum rate, 110 
minimum rate, 111 
Supporting power, subgrade, 49 
Surface course, 13 
Surface drainage, 51 
Surface treatment (See Bituminous surface 
treatment) 
Surface water, 51 
Survey, subgrade soil, 46-47 
Tar, 90, 91, 138 
Tar cutbacks, 91, 138 
Texture of soils, 46, 138 
Thickness of soil-aggregate roads, 57-64 
Thirtieth highest hourly traffic, 101, 102 
Till, 48, 138 
Till plains, 48 
Traffic control devices, 114 
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Traffic Volume, 15, 101 
Traveling plant construct i on, 74-76 
Trees, 93 
Trench t ype const r uct ion , 82 
Two-lane highways , 103 
Underdrainage (See Subdrainage) 
Undes i rable substances in aggregate , 20 
Unstable surface, 87, 88 
Vertical alignment 
combination with horizontal, 112 
critical length of grade, 107 
general contrlls, 107 
intersections at grade, 113 
maximum grades, 107 
minimum grades, 108 
railroad grade crossings, 113 
Vert i cal curves 
crest , 009 
length, 108, 109 
sag, 109 
sight distance on, 109 
Vibrating compactors, 54 
Washboard formation (See Corrugations) 
Water table, 51 
Wear on soil-aggregate road surfaces , 89 
Wear resistance, aggregate, 20 
Wearing surface, 13 
Weathering, 45, 138 
Weed eradication, 92, 93 
Widening of road surface, 110, 113 
Widths 
right-of-way, 106 
road surface, 103 
shoulders, 104 
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